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ON THE CHANGES IN VOLUME OF THE SUB- 
MAXILLARY GLAND DURING ACTIVITY. By J. L. 
BUNCH, DSc., M.D. (Twenty-four Figures in Text.) 

(From the Physiological paetiry University College, London.) 
Effect of drugs:—nicotine, atropine, pilocarpine, &c. 
Effect of asphyxia. 
Effect of nerve stimulation: vagus, sympathetic, chorda, afferent nerves. 
Effect of blockage of gland.duct. 
Effect of variations in blood-flow to the gland. 
Successive stimulation of nerves supplying the gland. 


Summary. 


CHANGEs in volume of the ieee gland may a brought about 
both by variations in the flow of blood to the gland and of secretion 
from the gland. 

The circulation in the vessels of the submaxillary gland has been 
already investigated by more than one observer, but the methods 
employed up to the present have varied but little. It has been 
customary either to collect the blood escaping directly from one of 
the gland veins or from the lower division of the jugular vein after 
tying all the branches opening into it except the veins from the 
submaxillary gland. Inasmuch as these methods involve bleeding of 


the animal which is under observation and therefore directly affect the ~ 


irritability both of vaso-motor and secretory fibres, and probably also of 
the gland-cells, it is only in the earlier stages of the experiment that 
reliance can be placed upon the results thus obtained. I have therefore 
been led to contrast these results with those obtained by a method 
which records graphically the vaso-motor changes of the gland vessels - 
and the changes which occur in the volume of the gland during 
activity, but does not. involve any a of the animal during the 
course of the ‘experiment. 
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2 J. L. BUNCH. 


My thanks are due to Prof. Schafer for suggesting the research, 
to Prof. Starling for much valuable assistance during its progress, and 
to Prof. Langley for some kindly criticism and suggestions. 


Method. 
Changes in volume of the submaxillary gland were recorded = 


means of a plethysmograph of very simple construction, devised by 


Prof. Schafer, which consists of a gutta-percha box with one side 
of glass, thus enabling the gland to be kept directly under observation 


and any flushing or pallor of the superficial vessels to be accurately — 


noted. The gland is exposed below the angle of the jaw, and stripped 
free from its capsule, and the duct is also cleared for a small portion of 
its length from any attachments of connective tissue, so that both the 
gland and part of the duct are freely moveable. Occasionally it is 
necessary to tie one or two small veins, if these are present on the side 
of the gland farthest away from the hilum, but care is taken to leave 


the largest’ veins, so that there may be no possibility of venous 
‘congestion. The vessels and gland-duct enter the box on one side 


through an opening sufficiently large to prevent any pressure being 
exercised on them, and the rest of the aperture is closed by cotton-wool 
and thick vaseline. Only a very small portion of the duct when it 


emerges from the hilum is contained within the plethysmograph, and 
the box is so supported by means of a clamp that the portion of duct 


outside it is quite loose and no contraction of the longitudinal fibres 
of the duct can pull upon or otherwise affect the volume of the 
contents of the box. The plethysniograph is well warmed before the 
gland is placed within it, and in addition some cotton-wool moistened 
with warm normal saline solution is used both to support the gland 
and to prevent its becoming dry or cool. The box is connected with 
a tambour or piston-recorder by an india-rubber tube attached to a 
glass tube which passes through one side of the box, the whole 
apparatus being filled with air. A lateral tube leads from this con- 


necting tube, and is closed with a spring clip, so that the pressure 


within this air-tight system can be raised or lowered at any moment. 
The piston-recorder is made to write on smoked paper on a revolving 
drum, and the tracings obtained in many cases show most distinctly 
both heart-beats and respiratory curves. In every case dogs were 
employed, and the anzsthetic was varied in different experiments, so 
that any influence due to this cause alone might be discounted by 
comparative observations. 
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SUBMAXILLARY GLAND. 3 


Nicotine. 
Intravenous injection of small doses of nicotine causes a diminution 
in the gland-volume lasting from 1 to 2 minutes and accompanied by a 


rise of general blood-pressure (Fig. 1) and an initial flow of secretion 
from the duct. 


Fig. 1. Dog. 9°6 kilos. Effect on gland-volume and on blood-pressure of intravenous 
injection of 2 mg. nicotine. 


If similar small doses be repeated at short intervals, in each case 
before the effect of the preceding dose has passed off, the additional 
effect on the gland-volume produced by each injection becomes less and 
less, until the gland attains its maximal capability of reaction to the 
nicotine stimulus. If, however, the at first small doses of nicotine be 
progressively increased, the maximal shrinkage of the gland in response 
to nicotine is attained with a smaller total amount of the drug injected 
if the intervals between the successive injections be kept the same, and 
the gland may be retained thus under the maximal influence of 
nicotine and the flow of secretion kept continuous by injecting slightly 
increasing doses at increasingly longer intervals. With reference to 
such an effect on the secretion of the gland, the suggestion has been 
made by Langley’ that with successive doses the paralysing effect 


' This Journal, x1. p. 148. 1890. 
1—2 
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of nicotine upon the nerve cells decreases more than the stimulating 
effect. 

The effect of nicotine upon the vaso-motors of the submaxillary 
gland can be investigated plethysmographically by giving such a dose 
of atropine as will produce paralysis of the secretory fibres of the chorda 
(10 mg. for a dog weighing 7 kilos.) and then injecting a small dose 
of nicotine into a vein. This gives rise to a diminution in the volume 
of the gland, but also to some amount of secretion from the duct. 
This is no doubt due to the fact that atropine does not paralyse the 
secretory fibres of the sympathetic, and the injection of nicotine 
stimulates the cells with which they are connected to secretion. If 
now when the secretion has ceased the gland-duct be clamped, and 


a further small dose of nicotine injected, there is still produced a 


preliminary shrinkage of the gland followed by dilatation. This 
diminution in gland-volume is due to the vaso-constrictor action of 
the drug, and the succeeding dilatation of the gland is due either 
to mere passive distension as a result of the blocking of the duct, or 
partly to an: associated dilatation of the gland vessels. 

That nicotine has a peripheral action on the vessels of the sub- 
maxillary gland appears probable from the results obtained by repeating 
the former experiment after the chorda has been divided and the 
superior cervical ganglion excised. Vaso-constriction was again produced 
by nicotine injection, followed as before by swelling of the gland. 

Coniine has an action similar to nicotine on the Vessels of the 
gland, but its action is less powerful and a larger dose must be given 
in order to produce the same effect. | 

When employing a solution of nicotine freshly prepared by 
Martindale I have found that uniformly smaller doses of the drug 
were required to produce temporary paralysis of nerve cells, whether 


of the chorda or sympathetic, than those described by Langley'. Ina 


dog weighing 7°2 kilos, after intravenous injection of 10 mg. of nicotine 
stimulation of the chorda produced dilatation of the gland, but no flow 
of secretion from the duct for a period of 10 minutes. In a dog of 
about the same weight a dose of 17 mg. of nicotine abolished all effect 
of chorda excitation on the gland for a similar length of time, while in 
another dog paralysis of the sympathetic for a space of 10 minutes was 
brought about by a dose of 40 mg. Very considerably larger doses are 
necessary if, instead of one big dose several smaller doses of the drug 

1 It is possible that this may be due to an increased vulnerability of the gland cells 
due either to exposure of the gland or to a certain amount of anemia of the cells. 
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SUBMAXILLARY GLAND. 5 


are injected, and under such circumstances it appears that the total 

amount of nicotine necessary to produce paralysis depends largely upon 
the length of time allowed to elapse between the first injection and 
the final effective dose, a larger amount being required the longer 
the interval allowed. : 

In these experiments on the action of nicotine, in order to avoid the 
respiratory paralysis produced by the intravenous injection of nicotine 
and coniine, the animal was placed under artificial respiration, and 
either both vagi were divided in the neck or sufficient atropine was 
given to eliminate the action of the vagus on the heart. 


Intravenous injection of small doses of pilocarpine (1 mg. in a dog 
weighing 7°6 kilos) causes a primary slight dilatation of the gland 
followed by diminution of its volume owing to the free flow of saliva 
from the duct. The primary swelling of the gland when present, is 
brought about by the free flow of blood which the administration of 
_ pilocarpine induces, but in spite of continued vaso-dilatation the gland 
speedily begins to diminish in total bulk, and remains thus as long as 
the drug continues to cause increased secretion, after which it gradually 
returns to normal. If a second dose of pilocarpine be injected, or the 
chorda stimulated before the first dose has ceased to act, the gland- 
volume undergoes still further diminution, proportional to the strength 
and duration of the stimulus, or to the dose of the drug. When, 
however, a maximal secretion has been induced by the first injection of 
pilocarpine, neither further injections of the same substance nor chorda 
stimulation produce any effect on the gland volume. It has been shown 
by Langley that pilocarpine still causes its effect after the chorda has 
been divided and the superior cervical ganglion excised. I have, 
however, failed to obtain the primary vaso-dilator effect on pilocarpine 
- injection after division of the chorda, though the secondary shrinking of 
the gland was but little affected (Fig. 2); it seems, therefore, that the 
peripheral secretory fibres of the chorda are more readily acted upon by 
pilocarpine than the dilator. 
Tf, after the administration of small doses of pilocarpine intraven- 
ously, the sympathetic be stimulated, there occurs at first an augmen- 
tation of the gland shrinkage due to a preliminary increased flow of 
saliva, which is maintained, and sometimes exceeded by the subsequent 
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diminution in gland-volume due to vaso-constriction, even though the 
secretory flow diminishes as a result of the nerve excitation. 


“NOW C4490" 


Fig. 2. Dog. 8°4 kilos. Effect on volume of submaxillary gland and on blood-pressure 
of intravenous injection of 4 mgs. of pilocarpine after division of chorda, Anss- 
thetic a.c.z. Amount of secretion from gland 0°8 ¢.c. 


— Intravenous injection of extract of mammalian suprarenal causes 
vaso-constriction and diminution in volume of the gland (Fig. 3). 
Injection of brain extract (decoction of fresh brain in dose of 2°2 c.c. for 


_ dog of 6°8 kilos) produces a fall of general blood-pressure and slight 


diminution in gland-volume followed by dilation of the gland, which is 


not prevented by the previous administration of atropine’ (Fig, 4). 


If the submaxillary gland be excised on one side, and a saline 
decoction made from it and injected intravenously into the same dog, : 
the effect on the remaining submaxillary gland of the opposite side is 
to produce a preliminary diminution, followed by a slight increase in 


1 Of, Osborne and Vincent, This Journal, xxv. p. 283. 1900. 
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volume, accompanied by a fall of general —— but no definite 
‘effect upon secretion (Fig. 5). 


Fig. 38. Fig. 4. Fig. 5. 


_ Fig. 8. Dog. 8-5 kilos. Effect on volume of submaxillary gland and on blood-pressure — 


of intravenous injection of suprarenal extract equal to 20 mgs. of fresh gland, 
Fig. 4. Dog. 78 kilos. Effect on submaxillary gland-volume and on blood-pressure of 
injecting intravenously a saline decoction equivalent to 0°5 grms. of brain extract. 
‘Time marker=2 secs. 
Fig. 5. Dog. 10-4 kilos. Effect of intravenous injection of saline extract representing 
12 grms. of submaxillary gland removed from opposite side of neck of same animal. 
Time marker =2 secs. 


Curare has been shown to diminish the conductivity of the vaso- 
dilator fibres of the chorda, and hence it might be expected that 
in a curarised animal the diminution in volume of the gland, which 
is described later in this paper as being brought about by chorda 
stimulation, would be greater for the same strength and duration 
of stimulus than in the same animal before the administration of curare. 
This is, however, not found to be the case, either because curare also 
directly affects the secretory fibres of the chorda or the gland cells, or 
because the cells secrete less, owing to the somewhat diminished flow of 
blood to the gland brought about by chorda excitation after curare has 
been 


Asphywxia. 

In these experiments the dog was under the influence of curare. 
During the early stages of asphyxia the volume of the gland under- 
went diminution, but later on when the general blood-pressure was 
considerably raised the gland dilated. That this dilatation is passive 
is shown by employing a mercury-valve. 

In some experiments, towards the later stages of asphyxia, the 
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gland diminished slowly in volume, and this diminution was accom- 
panied by a flow of secretion from the duct when the chorda was intact, 
but this result was not obtained in one experiment after both chorda 
and superior cervical ganglion on the same side as the gland under 
observation had been divided. | 


| Vagus. 
_ Changes following stimulation of the peripheral cut end of the 
vagus are purely passive. Such stimulation brings about an almost 
immediate diminution in volume of the gland, which persists as long 
as the heart is stopped. As soon as the current is shut off the gland 
immediately tends to resume its original bulk, and, if the stimulus has 
been of moderate strength, the plethysmographic lever then rises to 
a level still higher than that at which it stood before the excitation. — 
This after-dilatation persists for a short time, and the lever then 
gradually falls again to normal. Fig. 6 shows this after-effect, but, 


Fig. 6. : Fig. 7. 

Fig. 6. Dog. Stimulation of peripheral end of cut vagus causes diminution in gland- 
volume succeeded by dilatation. This secondary dilatation is not accompanied by 
any corresponding variation in the general blood-pressure curve. Anesthetic: Ether, 
curare. ; 

Fig. 7. Dog. Effect of stimulation of central end of divided vagus on side opposite to 
that of gland, vagus on same side being also divided. 


inasmuch as the general blood-pressure is not raised as a result of 


the vagus stimulation, it must be held that the after-dilatation is 
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due to vahdsiite of the vessels of the ~ following temporary 
ischemia. | 


Stimulation of the central end of the divided vago-sympathetic — 
in a curarised dog on the side opposite to that of the gland under 
observation, the other vagus also being cut, causes at first a slight 
passive dilatation of the gland accompanying the general rise of blood- 
pressure, but after a considerable latent period this is succeeded by 
a diminution in gland-volume and a slow flow of somewhat viscid 
secretion (Fig. 7). When the central end of the vagus on the same side 
as the gland is stimulated, the passive dilatation due to reflex rise of 
blood-pressure is outbalanced by the direct effect of the — 
on the vessels and secreting cells. 


Sympathetic. 
‘The constriction of the vessels of .the submaxillary gland caused 
by sympathetic stimulation, even if the stimulus be weak and applied 


Fig. 8. Dog. Effect on gland-volume of excitation of peripheral end of divided cervical 
sympathetic. After-dilatation of gland is seen. 
plethysmographic tracing. 
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only for a short time, is sufficient to cause considerable diminution in 
volume of the gland and fall of the piston-recorder lever, apart from 
the effect which is brought about by the secretory fibres when the | 
nerve is stimulated (Fig. 8). The surface of the gland stripped of its 
capsule can be seen to become pale, The sympathetic effect is preceded 
by a short latent period (1—2 secs.), and is followed by an after-effect 
when the current has been shut off; the duration of both is, however, 
shorter than when the chorda is stimulated. 

Prolonged stimulation of the sympathetic with a moderate or strong 
current produces an effect on the gland-volume which is only slowly 
recovered from (Fig. 9), If immediately after such sympathetic 


Fig. 9. Dog. Effect of somewhat more prolonged stimulation of divided sympathetic. 
Heart-beats and respiratory waves are seen on tracing. 


stimulation the chorda be stimulated, the fall of the plethysmographic 
lever is usually replaced by a rise (Fig. 10), sometimes of considerable 
extent if the sympathetic secretion is very viscid. 

If the sympathetic stimulation has been prolonged, this rise of the 
plethysmographic lever may persist for some time, but it is finally 
changed again to a fall as the normal chorda effect returns. 

- The maximum amount of diminution of gland-volume is obtained 
by stimulating the sympathetic strongly after repeated chorda excita- 
tions. The fall of the lever is then greater than I have succeeded in 
obtaining by any other method of submaxillary nerve excitation, and — 
it does not immediately pass off when the current is stopped. 
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Chorda. 


- The chorda was exposed after division of the digastric muscle on. 
the same side as the submaxillary gland under observation, ligatured 


Bee. 10. Dog. Effect on gland-volume of stimulation, first of sympathetic, 
and then of chorda tympani. 


and cut, and the peripheral end stimulated by means of Ludwig’s 
electrodes which were, left in situ. In some cases the chorda-lingual. 
nerve was divided centrally, and the peripheral end stimulated ; any 
injury to the more slender chorda nerve through manipulation was thus 
avoided. The nerve was excited by currents of different strengths, and 
with varying rates of repetition of the stimulus, and the anesthetic was 
varied in different experiments. With a stimulus so weak that it was 
barely perceptible to the tongue, excitation of the chorda produced 
considerable diminution in volume of the gland and a fall of the lever 
of the piston-recorder. The fall was preceded by a short latent period 
when the gland was secreting freely, and rapidly reached its maximum 
when the excitation was a short one. When the current was shut off 
the lever still remained at its lowest point for a short period, which 
varied according to the duration of the passage of the current, the gland 
then very gradually again increased in volume and the lever slowly 
rose until it once more reached the base line. This recovery in volume — 
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was succeeded by dilatation of the gland, and a further rise of the — 
lever to a point well above the base line, after which it again gradually 
fell (Fig. 11). The extent of this dilatation varied according to the 
previous diminution in volume of the gland, being greater and more 
prolonged when the diminution of the gland-volume had been well- 
marked, but the after-rise of the lever did not equal in extent or 
duration its previous fall. 


Fig. 11. Dog. Effect on volume of gland of stimulation of divided 
cs chorda tympani. 

This diminution in gland-volume was accompanied by a free flow 
of secretion from the duct, the amount of which was measured, and 
by marked dilatation of the vessels of the gland, which rendered 
precautions nécessary in order to ensure the free escape of blood 
through the gland veins. ) | 

With a stronger stimulus, the latent period was shorter, the flow of 
saliva greater, and the diminution in volume of the gland more abrupt 
and of greater range. The recovery of volume was also slower, and the 
after-dilatation more marked. When the excitation was a long one, 
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more especially with a strong current, the recovery of the gland was 
considerably prolonged and the rise of the lever a very gradual one. 
As long as both gland and nerve. remained in good condition, and had 
not diminished in irritability either from cooling or drying, successive 
stimulations of the chorda repeated as soon as the gland had returned 
to its original volume still continued to produce the same effect, with 
but’ little difference in diminution of volume in response to stimuli of 
- the same strength and duration. If, however, the nerve was stimulated 
a second time, either immediately after the first excitation, or while the 
lever was still rising, the resulting diminution in volume of the gland 
was less than that preceding it, this difference being greater the more 
quickly the second excitation succeeded the first. : 

When the secretion produced by chorda stimulation was scanty and 
viscid, in spite of the accompanying active vaso-dilatation, stimulation 
of the nerve caused either a very small fall of the lever, or a preliminary 
fall succeeded by a rise. In some cases, more especially when there was 
some obstruction to the free escape of blood through the veins and also 
scanty secretion, chorda excitation gave rise to increase of volume of the 


Fig. 12. Dog, 10°6 kilos. Stimulation of divided chorda with coil at 10 cm. for a 
period of 8 minutes. During this time 1-5 c.c. of fluid were secreted. After cessation 
of the stimulus the gland underwent further dilatation. At the point marked A the 
first drop of secretion escaped from the duct, at B the flow began to be less rapid, at 
C ati amount equal to *7 c.c. had been secreted. 


if 
& 
“4 
Ja 
ay 
4 
al 
a 
¥ 
3 
rg 
“a 
Br. 
wi > 
vi ol 
vg 
ry 
A 
itp 
tg 
“= 
1a 
te 
on % 
1% 
> 
f 
4 
4 


— 


| J. BUNCH. 


gland, owing to the increased flow of blood to the gland more than 
compensating for the small amount of secretion leaving it. Fig. 12 is 
a record of the volume of the submaxillary gland where the chorda was 
stimulated continuously for a period of three minutes after all the veins 
leaving the gland had been ligatured with the exception of one small 
one. After a short latent period the gland dilated, but this dilatation 
was succeeded by a return to its original volume as soon as the first 
drop of fluid was secreted. For the short time during which secretion 
was fairly rapid no increase in gland-volume occurred, but as fluid 
began to be secreted less copiously the volume of the gland increased 
again rapidly while the excitation was continued. When the stimulus 
was shut off 1°5 c.c. had been secreted from the duct. After cessation 
of the stimulus, the gland still continued to dilate for a time, and only 
very slowly returned to its original volume. 

Excitation of the chorda with weak and slowly repeated stimuli at 
the rate of 1 per second, or even less, sometimes when the gland was 
previously secreting freely, gave rise to but scanty increase in the 
secretion from the duct and to a rise of the plethysmographic lever, 


Fig. 18. Fig. 15. 
Fig. 13. Deg. Effect of repeated slow stimulation of chorda at rate of 
1 per second. Coil at 12 cms. 
Fig. 15. Dog. ok of chorda stimulation. After a preliminary 


slight expansion of the gland second more extensive dilatation occurred when the 
stimulus was removed. 
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due apparently to the vaso-dilator fibres of the chorda being more 
readily excited by such currents than the secretory (Fig. 13). If, 
however, such slow stimuli were continued for a considerable time the 
gland did in some cases finally diminish in volume, and a slow, slight 
secretion set in, the effect of which on the gland-volume outbalanced 
the vaso-motor effect, unless possibly the vaso-motor fibres are more 
readily fatigued by such stimuli than the secretory. 

These results appeared to vary somewhat according to the anesthetic 
used, and to be obtained more readily when the dog was under the 
influence of chloroform. 

A triphasic effect was occasionally obtained on chorda stimulation, 
the gland-volume increasing very shortly after the current was sent 
into the nerve, and again diminishing to the normal after the current 
had been passing for about half a minute, when the flow of saliva had 
attained its first maximum, and then again increasing to the former level 
(Fig. 14) or beyond this (Fig. 15) after the current had been shut off. 
In these experiments the secretory response of the gland to chorda 
stimulation was not below normal, the total amount of saliva secreted 


Fig. 14. Dog. Triphasic effect on volume of submaxillary gland of stimulation 
of chorda with weak current. 
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as a result of excitation of the nerve was not less than that obtained 
from other animals of similar size, and the nerve had not been exposed 
to injury or to excessive cooling. There was also no reason to think 
that the escape of blood from the gland was in any way interfered with. 
If it were not for the possibility of some slight unknown obstruction to 
the gland-duct leading to delay in the escape of saliva it would appear 
that, though the secretory fibres responded normally to stimulation, the 
vaso-motor fibres of the chorda were abnormally excitable, and this is 
borne out by the result of the subsequent administration of atropine in 
the same animal in sufficient doses to paralyse the secretory fibres, 
when stimulation of the chorda with weak currents gave rise to 
unusually extensive dilatation of the gland. This dilatation commenced 
at an interval after stimulation corresponding to-the first rise on the 
tracings obtained before the administration of atropine, and lasted for 
an appreciable period after stimulation had ceased. When the tracing 
shown in Fig. 14 is compared with that obtained by mapping out the 
flow of saliva in a tube of fine bore at intervals of every five seconds 
(Fig. 16), it is seen that in this experiment the latent period of the 


STIMULATION 


SALIVA 


5 0 1% 20 2 30 35 40 45 5O 55. 60 


VOLUME OF GLAND 
Fig. 16, Comparison of plethysmographic tracing seen in Fig. 14 with curve of 
saliva secreted from gland-duct during same period. 


secretory fibres was longer than that of the vaso-motor fibres, and that 
as the flow of saliva attained its first maximum the previous expansion 
of the gland underwent diminution, the gland-volume again increasing 
as the flow of saliva once more diminished. In this experiment the 
second expansion of the gland was entirely an after-dilatation effect ; 
the secretory effect, however, also underwent a temporary augmentation 
after the current had been shut off. 

A triphasic effect as regards the secretion of the saliva was 
frequently obtained when the chorda was being stimulated for several 
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- minutes. After a short latent period a flow of saliva commenced, which 


reached its maximum about the end of. the first half minute, and then 
declined again, until at the end of the first minute or minute and a 
half the flow was only half as fast. The flow then became more rapid 
again, attaining its second maximum at the end of the first two and a 
half or three minutes, and then again diminishing during the remainder 
of the period of stimulation. 

After the administration of small doses of atropine intravenously, 
sufficient in amount to paralyse the secretory fibres of the chorda (8— 
12 mg. for a dog of 7 kilos), stimulation of the peripheral cut end of 
the chorda caused no flow of secretion from the duct, but an-active 
dilatation of the gland, and a rise of the piston-recorder lever to an 
extent about equal to the previous fall of the same lever brought about 
by a stimulus of the same strength and the same duration before any 
atropine had been administered. The dilatation was preceded by a 
short latent period, which was shorter according as the stimulus was 


Fig. 17. Dog. 82 kilos. Effect of chorda stimulation after intravenous 
injection of 10 mgs. of atropine, 
PH. XXVI. 2 
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stronger, after which the recording lever rose somewhat rapidly and 
remained raised as long as the current was passing, and only gradually 
fell after the current had been shut off, the fall not always commencing 
until after an appreciable interval (Fig. 17). In one experiment where 
atropine was also given a large vein leaving the submaxillary gland was 
divided outside the plethysmograph and the flow of blood from it 
compared with the variations in volume of the gland produced by nerve 
stimulation. It was found that an increase took place in the gland- 
volume before any increase in the flow of blood from the vein on 
stimulation of the chorda, but that this interval became shorter as the 
strength of the current was increased. It seems probable that this 
result was due to the dilatation of the vessels of the gland produced by 


_chorda stimulation necessitating an influx of additional blood to the 


gland in order to fill the vessels, so that in spite of the increased flow 


of blood due to the stimulation an interval necessarily elapsed before 


this increased flow made itself felt in the gland veins, and the amount 
of blood leaving the gland became greater than normal. 

The absolute increase or diminution in volume of the gland under 
various conditions was estimated by calibration of the piston-recorder, 
the rise or fall of the lever for variations of fractional parts of a cubic — 
centimetre being marked out on a scale. Inasmuch as the point of 
the lever necessarily moved through the arc of a circle, verticals were 
drawn either from the highest or lowest point of the curve, and 


calculations were based upon these measurements. The volume of the 


gland in cubic centimetres was determined from the difference between _ 
its weight in air and in water, and the amount of secretion produced by — 
nerve stimulation or otherwise was also determined by connecting the 
cannula in the duct with a glass tube graduated in fractional parts 


of a ac. 


In order to calculate the total diminution in volume of the gland 
due to chorda excitation, the decrease in volume brought about by 
stimulation of the chorda was first determined in an etherised dog 
before any atropine had been given, and then the increase in volume of 
the same gland after the administration of a dose of atropine sufficient 
to paralyse the secretory fibres of the chorda. Thus, in one experiment 
the volume of the gland was 7°2 c.c,, the diminution in volume of the 
same gland on chorda stimulation was 03 c.c., after atropine the 
expansion of the gland on excitation of the chorda was equivalent to 
031 cc. The total diminution in volume of the gland, and hence the 
maximum amount of secretion which could be eliminated from the cells 
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and alveoli of the gland as a result of this stimulation of the chorda 
amounted therefore to 03 + 0°31 ¢c.=061lcc. The amount of secretion 
extended from the duct as a result of the nerve excitation amounted, 
however, to 0°71 c.c.; therefore 0°1c.c. must have been derived either 
from the lymph spaces outside the gland or from the blood vessels. It 


has recently been shown by Bainbridge’ that the flow of lymph from _ 
the submaxillary gland is not diminished, but rather increased during — 


stimulation of the chorda, and that this increase of lymph flow may 
amount from 0°1 to 0°3 c.c. as a result of the nerve excitation. Almost 
all the secretion poured out by the gland when the secretory fibres of 
the chorda tympani are stimulated is, therefore, derived from the extra- 
vascular portions of the gland, and, although the fluid of the secretion 
must in the last instance be derived from the blood vessels of the gland, 
the influence of the secretory nerves appears to be almost exclusively 
on the secretory cells of the gland. 


Effect of blockage of the duct on changes in the gland due 
to nerve stimulation. 


When, previous to chorda stimulation, the duct is clamped or the 
cannula in the duct artificially blocked, excitation of the nerve produces 
a preliminary small fall of the tambour lever, followed immediately by a 
marked rise. If the duct be clamped during the time that the nerve is 
being stimulated and the gland secreting freely, this preliminary fall of 
the lever does not occur, but an immediate increase of the volume of 
the plethysmographic contents takes place. Removal of the clamp from 
the duct after the current has been shut off is followed by a fall of the 
lever (Fig. 18), and if then the chorda be again stimulated a still 
greater diminution in the gland-volume is produced. If, after the 
chorda has been stimulated for some minutes with the duct blocked, 
another 5—10 minutes be allowed to elapse before the clamp is 
removed, the secretory response of the gland to chorda stimulation is 
found to have become very imperfect. Excitation of the chorda after a 
small dose of atropine has been administered and the’ duct clamped 
produces an expansion of the gland considerably less than that obtained 
before administration of the atropine. 

Continuous stimulation of the chorda with the duct blocked but no 


atropine administered causes an expansion of the gland greater than I 


1 This Journal, xxv. 1900 (Proc. Physiol. Soc. p. xvi.). 
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have obtained by any other means. A very considerable dilatation is 
obtained soon after the application of the stimulus, but the maximum 


increase in volume is only obtained after the current has been passing 


for some time, and is due to secondary changes taking place in the 
gland which cause it to become oedematous. | 


Fig. 18. Dog. 10 kilos. Effect on volume of gland of chorda stimulation after 
clamping of gland-duct. Previous to blockage of the duct the gland had been 
secreting well, Removal of the clamp was followed first by diminution of gland- 
volume, later by after-dilatation. 


Effect on the volume of the submawillary gland of variations 
in the amount of blood-flow. 


It has been shown by Heidenhain that complete stoppage of the 
blood-flow to the submaxillary gland causes great diminution in the 
amount of saliva secreted during stimulation of the chorda. Complete 
cutting off of the blood-supply to the gland also causes a change in the 
response of the gland to chorda excitation, as estimated plethysmo- 
graphically. If, however, the opposite carotid be ligatured and the 
carotid on the same side as the gland moderately compressed, a single 
chorda stimulation causes a diminution of gland-volume which differs 
but little from that obtained with the same strength of stimulus before 
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the carotids were obstructed. If the volume of the gland is allowed to 
return to normal before a second stimulus is applied, the response to 
chorda stimulation will again be good and the resulting flow of saliva 
from the duct abundant, and this result may be repeated. with little 
variation for a period of at least 10 minutes from the first clamping of 
the artery if the gland is in good condition. The effective period of 
response to chorda stimulation after blocking of both carotids appears 
to be more prolonged if one or two superficial veins on the gland surface 
have previously been ligatured; it almost seems as if under such cir- 
cumstances the gland has become accustomed to work under diminished 
blood-flow, 
_ A certain amount of blood must reach the gland by way of the 
_vertebrals and internal carotid, when there is no pressure in the 
external carotid, since the diminution in volume of the gland on 
chorda stimulation becomes less extensive on successive excitations if 
both subclavians be ligatured as well as both carotids, and a continued 
cessation of blood-flow to the gland finally brings about an absence of 
response to nerve stimulation. There may, however, be but little 
difference between the response to the first two excitations, if the 
second excitation occurs within 3 minutes of the first blocking of 
the vessels and after the lever has returned to the base line and the 
gland recovered from the effect of the first stimulus (Fig. 19). 


Fig. 19. Dog. Repeated successive stimulation of chorda with same st: ength of current 
after ligature of both subclavians. Blood-pressure tracing from femoral artery. 


A peculiar result is sometimes obtained when, after blocking of the 
blood vessels*the gland has ceased to respond effectively to nerve 
_ stimulation, the blood-flow is once more established and the chorda 
stimulated; instead of undergoing diniinution in volume the gland 
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dilates somewhat (Fig. 20). This effect very soon passes off as the 
capability to secrete on. chorda stimulation returns, and the usual 


Fig. 20. Dog. The carotid on same side as gland was clamped for some time, 
the clamp was then removed and the chorda stimulated. 


| chorda effect takes its place. The explanation of this result is probably 


the fact observed by Heidenhain that after stoppage of the blood-flow 


to the gland the vasomotor fibres of the chorda recover more quickly 
than the secretory. 


Fig. 21. Dog. Effect of sympathetic stimulation before and after ligature of carotid on 

same side. The opposite carotid had been ligatured previously. After the second 

s excitation the gland-volume did not return to normal until the blood-flow through the 
carotid had been re-established. 
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Stimulation of the divided sympathetic produces at first a distinct 
effect on the volume of the gland after ligature of both carotids,’ In 
Fig. 21 it will be noticed that the gland did not return to its original 
volume after. stimulation of the sympathetic until the blood-flow through 


the carotid had been restored. 


Effect on the volume of the submawillary gland of successive 
stumulation of the chorda and sympathetic nerves. 

Inasmuch as stimulation both of the chorda and of the sympathetic 
tends normally to bring about diminution of the total volume of the 
gland, no great difference might be expected to result according to 
which nerve is first stimulated and which subsequently. The effect of 
the second excitation is, however, greater if the chorda be first stimu- 
lated, more especially if this stimulation be repeated several times, and 
the sympathetic then stimulated immediately afterwards. This is no 
doubt due, firstly, to the augmented secretion which the previous chorda 
excitation has induced, and, secondly, to the vaso-constriction of the 


gland which the sympathetic stimulation produces. 


When the sympathetic is first stimulated, and then tenaliciliabsly 
afterwards the chorda, not only may there be no additional fall of the 
lever as a result of the second stimulation, but the fall caused by the 
sympathetic excitation may be even succeeded by a rise. 

When a dose of atropine has been given sufficient only to paralyse 
the secretory fibres of the chorda, simultaneous stimulation of both 
chorda and sympathetic with the same strength of current causes first 
diminution, succeeded later by increase of the gland-volume (Fig. 22). 
By diminishing the strength of the sympathetic stimulation while the 
strength of the current applied to the chorda remains unaltered, a point — 
may be reached where simultaneous stimulation of the two nerves 
produces no alteration of the gland-volume. Stimulation of the 
sympathetic while the gland is dilated from chorda excitation aiways 
produces diminution of the dilatation, and if the current is sufficiently 
strong, diminution of the gland-volume to a point below that at which 
it stood before the chorda was stimulated. 

In view of the theory put forward by Mathews’, that sympathetic 
secretion in the submaxillary gland is brought about by muscular 
mechanism, I have, at Professor Langley’s suggestion, carried out some 
experiments in order to determine what is the effect on the gland- 


1 Ann. N. Y. Acad. Sci. x1. no. 14, 1898. 
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volume of sympathetic stimulation with the duct clamped under 
conditions where the sympathetic produces a free flow of watery 


Fig. 22. Dog. Simultaneous stimulation of chorda and sympathetic nerves after 
administration of a small dose of atropine. The sympathetic stimulation was 
slightly stronger than that of the chorda, and the after-dilatation due to stimulation 
of the fibres of the latter was not seen, | 


secretion. In one experiment, a dog weighing 82 kilos. was kept 
under the influence of A.c.E. mixture, and the right submaxillary — 
gland (volume 6°9 c.c.) was placed in the plethysmograph after being 
freed from its capsule, but without any veins tied. The chorda and 
sympathetic nerves were both placed upon Ludwig's electrodes, con- 
nected with a reverser. The right chorda was stimulated intermittently 
with the coil at 12 cm. for 12 minutes, each stimulation causing 
diminution of the volume of the gland and a free flow of secretion 
from the duct. When the secretion caused by the last stimulation 
had ceased, the duct was clamped, and the sympathetic stimulated. 
The first effect was to produce a distinct dilatation of the gland, which 
was followed by a shrinking due to the vaso-constrictor action of the 
nerve, the general blood-pressure, however, remaining constant (Fig. 23). 

A second stimulation of the sympathetic with the duct again 
clamped after the gland-volume had returned to normal showed only 
shrinking of the gland. The chorda was then a intermittently 


: 
w 

+ 

+4 

og 

a 4 

hy 

3 

cal 
} 
% 

waa 
: 

: 

“a z 

Ad 

2 
a 

ug 
d 

4] 

J 
a 

4 

| 

& 

Ee, 

x 

~ 

“a 

» = q 


SUBMAXILLARY GLAND. 25 


for 10 minutes and the same experiment repeated. A primary dila- 
tation of the gland was succeeded by diminution of its volume as the 
vaso-constrictor effect ensued, and this result was obtained in two more 
experiments when preliminary chorda stimulation gave rise to well- 


Fig. 23. Dog. The chorda was stimulated intermittently for 12 mins., the last stimu- 
lation being recorded at A. The gland-duct was clamped at B, and the sympathetic 
then stimulated. The first effect of the stimulation was an increase in volume of the 

gland. 


marked augmented secretion. This increase of volume could not have 
been due to any dilatation of vessels of the gland, nor could it be caused - 
by contraction of muscular or other contractile substance within or 


about the gland, it must therefore be due to the influx of fluid into the 


gland, from the blood vessels through the lymph spaces. The evidence: 
brought forward by Mathews in favour of the muscular mechanism of 
sympathetic secretion does not appear to be altogether conclusive, but 
one of the greatest difficulties that this theory has to contend with is 
that of demonstrating the presence of any contractile substance which 
can act as he suggests. That the gland-capsule has nothing to do with 
sympathetic secretion is easily demonstrated, squeezing out of secretion 
by constriction of the meshwork of blood vessels is unlikely in view 
of the facts of chorda secretion, and the existence even of scattered 
muscular fibres around or between the alveoli is problematical. That . 
there are muscular fibres in the walls of the ducts is of course true, and 
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it seems reasonable to assume that they might contract on nerve 
stimulation, whether of sympathetic or chorda, but this is scant reason 
for asserting that the secretory action of the sympathetic is brought 
about by means of a muscular mechanism. The argument that the 
flow of saliva is greatest when the sympathetic is first stimulated, that 
it gradually diminishes and then stops, and that it must therefore be 
forced out by muscular contraction appears to me to be quite invalid, 
nor does the return of secretion on sympathetic excitation after fluid 
has been injected into the ducts prove the point. In experiments 
which I have myself made, the augmented secretion obtainable on 
sympathetic stimulation after the chorda has been excited diminished 
very considerably in amount after the first ten seconds, but the gland still 
secreted acertain amount of saliva during the continuance of stimulation 
for several minutes. If after sympathetic stimulation had ceased to pro- 
duce an appreciable amount of secretion a solution of normal saline was — 
allowed to pass into the duct under pressure of a height of 1 cm. of 
fluid, only z4, to 4 c.c. of saline solution entered the duct. Stimulation 
of the sympathetic with the same strength of stimulus as before then 
gave rise to an amount of secretion varying from ‘01 to ‘015 cc. as 
against ‘002 ¢.c. in ten seconds before the injection. The quantity of 
secretion amounted therefore to five times the amount obtained before 
the injection of saline solution into the duct, but, in view of the very 
small quantity of fluid so injected, I see no reason why it should have 
passed into the alveoli of the gland, or indeed farther than the duct 
itself, and have simply been forced out of the duct again on sympathetic 
stimulation by contraction of the muscular fibres of the duct wall. 
These experiments were on dogs, but in the cat Mathews appears to 
have been able to force back as much as 7, c.c. of fluid into the duct 
by blowing. Even if experiments performed under such necessarily 
abnormal conditions have to be taken into account, it seems quite 
possible that the gland cells can take up fluid from one side of the cell 
as well as from the other, and again secrete it when the sympathetic is 
stimulated without the intervention of any muscular mechanism. 


Stumulation of afferent nerves. 

It has been shown by Lovén, Griitzner and Heidenhain that 
stimulation of the central end of sensory nerves causes rise of general 
blood-pressure, and this rise of pressure is accompanied in curarised 
dogs by some amount of secretion and diminution in volume of the 
submaxillary gland. Fig. 24 shows the gradual fall of the plethysmo- 


MJ : 
> 
23 
aq 
q 
Ag 
4 
= 
¥ 
« 
j 
A, 


SUBMAXILLARY GLAND. 27 


graphic lever on stimulation of the central end of the sciatic nerve in a 


dog. After administration of a large dose of curare this effect was no 
longer obtained, 


A 


“We. 24. Dog. Effect on volume of dlaud and on blood-pressure of stimulation 
of central end of divided sciatic nerve. 


In view of the statement that the flow of saliva when the ‘sab: 
maxillary is secreting can be inhibited by stimulation of the central end 
of an afferent nerve, I have attempted to determine what effect such 
stimulation has upon the diminished volume of the gland, in which 
secretion has been induced either by pilocarpine or chorda excitation. 
The anzsthetic was varied in different ways in order to eliminate any 
possible error arising from such a cause. I was, however, unsuccessful 
in producing any diminution of the constriction of the gland, or any 
return of the volume of the gland towards the normal by stimulation of 
the central end of a sensory nerve, although the excitation produced a 
diminution in the flow of saliva. In most cases, indeed, the volume of 
the gland underwent still further diminution as a result of the stimula- | 
tion, and seeing that the flow of saliva was inhibited this result must 
have been due to constriction of the vessels of the gland. | 


SUMMARY. 


From the results given in this paper it is evident that the changes 
in volume of the submaxillary gland as recorded plethysmographically 
can be divided into two classes—passive and active. 
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As we should expect, the gland reacts passively to changes in the 
general blood-pressure, its volume rising and falling synchronously with 
the latter. Thus we get a shrinkage of the gland on stimulating the 
peripheral end of the vagus or on clamping both carotids, either of 
which procedures diminishes the supply of blood to the gland. On the 
other hand the gland swells synchronously with the rise of blood-pressure 
which normally follows the cessation of vagal inhibition. The active 
changes in volume of the gland are conditioned by two factors, vascular 
and secretory. In many cases both these factors are involved, the 
result being an algebraic summation of the effects of each factor. 

In order to study the pure vascular effects, our observations must 
be made on a gland which has been poisoned with atropine. In such a 
case the vaso-dilatation brought about by chorda stimulation causes a 
swelling, whereas we get a shrinking of the gland on stimulation of the 
central end of a sensory nerve, evidently in consequence of a reflex 
vaso-constriction. Stimulation of the peripheral end of the sympathetic 
also causes diminution of gland-volume in consequence of vaso-constric- 
tion, but it is difficult in this case to eliminate the coincident effects of 
the secretory fibres of the sympathetic, since these latter are not affected 
by ordinary doses of atropine. 

All activity of the gland accompanied by secretion causes a diminu- 
tion in its volume, a diminution so marked that in most cases it 
overpowers the effects of any simultaneous’ vaso-dilatation, so that, 
e.g. stimulation of the chorda in the unpoisoned animal causes a marked 
shrinking. By allowing for the swelling of the gland which would be 
produced by the dilatation, we can determine the actual diminution in 
volume of the extra-vascular elements of the gland. On comparing this 
with the amount of secretion poured out in the same time, we find that 
at least nine-tenths of the secretion are derived from the extra-vascular 
portions. Since there is no diminution in the lymph-flow from the 
gland, but rather a slight increase during the period of stimulation 
(Bainbridge), we must conclude that the effect of the secretory nerves 
is simply and solely upon the secretory cells, the increased exudation 
from the blood vessels which must in the last instance supply the fluid 
for the secretion being a secondary phenomenon determined entirely by 
the metabolic changes of the cells and lagging behind these to a very 
considerable extent. I have been unable to confirm in any way the 


view put forward by Mathews that the sympathetic secretion is due 


to a contraction of unstriated muscular fibres in the gland. 
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CONCLUSIONS. 


1. Changes in volume of the submaxillary gland may be brought 
about both by variations in the flow of blood to the gland and of 
secretion from the gland. 

2. Nicotine and coniine when injected intravenously bring heat a 
diminution of the gland-volume by constriction of the gland vessels and 
by causing a flow of secretion from the gland. 

3. No difference in this action of nicotine can be observed after 
division of the chorda tympani and excision of the superior cervical 
ganglion. 

4. Intravenous injections of pilocarpine cause diminution in volume 
of the submaxillary gland accompanied by a free flow of secretion. 

5. Injections of a saline decoction of one submaxillary gland of a 
dog cause a preliminary diminution followed by a slight increase in 
volume of the remaining submaxillary gland, but no appreciable effect 
on secretion. 

6. Cardiac inhibition, whether produced by vagus stimulation or 
by drugs, is followed by shrinkage of the gland. When this shrinkage 
is brought about by vagus stimulation it is followed after the stimulus 
has been removed by an after-dilatation. 

7. Stimulation of the chorda tympani nerve causes diminution in 
volume of the submaxillary gland, followed by after-dilatation. 

8. After the administration of a dose of atropine sufficient to 
paralyse the secretory fibres of the chorda, excitation of the chorda 
causes dilatation of the submaxillary gland. 

9. The fluid poured out as a result of stimulation of the secretory 
fibres of the chorda is derived from the secretory cells of the gland, and 
only secondarily from the blood vessels. 

10. Sympathetic stimulation causes shrinkage of the gland, and 
& maximum effect is obtained when the chorda has been subjected to 
repeated previous excitation. 

11. Continuous stimulation of the chorda after blockage of the 
gland-duct causes maximum dilatation of the gland. 

12. The diminution in gland-volume produced as a result of 
chorda stimulation can be still obtained for some minutes after both 
carotids have been tied. 

13. Stimulation of the central end of a sensory nerve produces 
diminution in volume of the submaxillary gland. 

14, There is no evidence to show that sympathetic secretion is 
brought about through the medium of a muscular mechanism. 
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THE ACTION OF ETHER AND CHLOROFORM ON THE 
NEURONS OF RABBITS AND DOGS. By HAMILTON 
WRIGHT, M.D., Director of the Pathological Institute of the 
Federated Malay States. (Plate I. and Four Figures in Text.) 


THE following investigation was undertaken to determine whether 
chloroform and ether produce any transient or permanent changes in 
the cortical and spinal neurons. 

In the first series of experiments, rabbits were used. The animals 
were handled as gently as possible in order to avoid abdominal 
congestion and consequent cerebral anwmia. The drug was ad- 
ministered by a tube in the trachea. In the case of rabbit No. 1, 
the animal was killed by excess of ether; in the remaining cases the 
organs (brain and cord) were removed during the anesthesia, and this 
operation was the obvious cause of death. 

Fifteen minutes before each animal was killed, administration of 
the anesthetic was suspended, and the time of return of the con- 
junctival reflex noted. The administration of the anzsthetic was then 
resumed until the animal was killed. The following table gives (1) the 
time during which ansesthesia was kept up, (2) the time taken for the 
return of the conjunctival reflex; this may be regarded as a rough 
indication of the functional depression in the neurons concerned in the 
reflex, and so also as an index of the depression in all the nerve-cells 
implicated by the anesthesia. 


Anssthetic Time of return of reflex 
Rabbit 1. Ether 35 minutes 2 minutes 
” 4, ee 4 ” 5} ” 
29 5. 6 ” 63 ” 
Chloroform 30 minutes 
” 9, ” 4 ” 6 ” 
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In a second series of experiments which were performed on dogs, _ 
the additional precaution was taken to keep up the body temperature 
by placing the animal on a hot water bed, and covering it with cotton 
wool. I did this because it had been suggested by Dr Head at the 
International Physiological Congress, at Cambridge, when I made a 
preliminary communication on my experiments with rabbits, that some 
of the changes I there described might be due to' lowering of temperature. 
The following table gives the details of length of anzsthesia, time of 
return of conjunctival reflex, and body temperature. 


Time of return Maximum and 


Anesthetic of reflex minimum temp. 
Dog 1. Ether 30 minutes § } minute 101—101° 
1 hour 1} minutes 101—99-2° 
” 3. ” 2 hours 24 ” 101°5—98-75° 
” 6 ” 5 ” 101—98-25° 
» 6. Chloroform 30 minutes 101°5—101°5° 
» ” 6» 101—97°8° 


I did not measure the amount of anssthetic actually given in the 
various experiments; some preliminary attempts to do this did not 
yield satisfactory results. 

The organs removed from the animals (brain, and scion region of 
the spinal cord) were divided into two parts longitudinally ; one half 
was placed in absolute alcohol, the other in Miiller’s fluid. The tissues 
fixed in alcohol were worked out by Nissl’s methylene blue method, by 
Weigert’s hematoxylin and by the hematoxylin-eosin stains. Those 
fixed in Miiller’s fluid were investigated by Berkeley’s modification of 
Golgi’s method in the case of the rabbits, and by pe method in the 
case of the dogs. 

The following paragraphs give the result of the microscopic 
examination in each animal, The sections from the tissues fixed in 
alcohol were cut to a uniform thickness of 154, and any description 
given is from observation of those cells that were cut fairly _— 
their median planes. 3 


Rabbit 1. Ether for half-an-hour. 
_ (a) Cerebrum. All the cortical cells are seen by the aniline dyes to 
have undergone a change. This is most marked in the layer analogous to the 
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pyramidal layer in man. Nissl’s bodies have almost entirely ¢ 

from the apical and basal dendrons, and many are absent from the cell 
bodies, leaving clear untinted spaces. Those yet in situ are pale, granular 
looking and reduced in size; the hyaloplasm between the Nissl’s bodies is 
unstained as in normal cells. There is no breaking down of the chromo- 


philic granules into dust-like particles and diffuse staining of the hyaloplasm 


such as occurs in degenerating cells. The chromatic substance seems to have 
merely undergone some change so that it no longer reacts in the usual way to 
methylene blue. The term rarefaction may be employed for the appearances 
observed. 

By the silver-chrome method many processes stain as they do in normal 
tissue, but in the majority of cases the most distant visible part of the apical 
dendron and its primary and secondary branchlets, show small moniliform 


_ swellings (see fig. 1 in text), The cells from which they originate appear 


normal by this method. 


Fig. 1. Cortical cell of rabbit; moniliform enlargement of the distal portions of the 
apical dendron is seen. Ether anwsthesia for half-an-hour. 


The basal dendrons are but rarely affected. 
(b) Cerebellum. No change. 


(c) Spinal cord. No change was seen in any cells by the methylene 
blue process. In this, as in the cords of the remaining rabbits, I was not 
successful in obtaining satisfactory preparations by the silver method. 

(2) Vascular conditions. In brain and cord and their membranes, 
there is capillary anzemia and venous engorgement. The peri-capillary spaces 
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are widened and contain a scant number of leucocytes. In the cerebellum the 
capillary anemia is not so marked. | | 


Rabbit 2. Ether for one hour. 

(a) Cerebrum. The ‘rarefaction’ just described is now more general 
throughout the cell layers, but the pyramidal cells are especially involved 
(see Plate 1, fig. 1). A few of these have the appearance of mere skeletons, 
but their outlines are firm, and their nuclei and nucleoli sound, Occasionally 
in these ‘skeleton cells’ a faintly stained network with irregular meshes is 
seen. Glia cells appear swollen, but are not increased in number. 

By the silver method, only a few of the apical processes of the pyramidal 
cells are normal, The majority show the moniliform enlargements noted in 
the first rabbit. The change is, however, more marked ; the enlargements 
are more numerous and extend farther down the main stem. A large 
number of basal dendrons are also implicated. Almost all the dendrons 
arising from the median layer of cells are in some degree moniliform. _ 

(6) Spinal cord. There is ‘rarefaction’ in a small number of anterior 
cornual cells, but no change in the cells of the posterior horn. 


(c) Vascular conditions. The same as in the first case. 


Rabbit 3. Ether for two hours. 


(a) Cerebrum. A process of restitution seems to have set in during 
the second hour. The dendrons are still totally denuded of Nissl’s bodies, 
but the cells themselves appear to have become rehabilitated to a noticeable 
degree. A few, however, show as great a ‘rarefaction’ as in previous cases. 
All the cortical glia cells are swollen and pale; they appear to be augmented 
in number and tend to aggregate in the vicinity of the rarefied cells. 

By the silver method, nearly every dendron is seen to be moniliform; and 
the swellings have increased in size, notwithstanding the apparent restitution 
in the cell bodies. The cells from which the affected dendrons spring look 
healthy, though probably those which are most implicated spring from the 
cells which by the methylene blue process would have been shown to be most 
rarefied. 

(6) Cerebellum. No change. 


(c) Spinal cord. The cells are not more deeply implicated than at the 
end of one hour of etherisation. 

(qd) Vascular conditions, The same as before except that the number | 
of leucocytes in the peri-vascular spaces has slightly increased. There are no 
observable lesions in the vessel walls. 

Regarding the restitution which occurred in this case, I was at first 
‘inclined to the opinion that the process was ante-mortem and represented a 
_ successful effort on the part of the cells to throw off the effects of the drug 
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My subsequent work did not confirm this view. I now believe the effect 
occurred after the removal of the organs from the body; there was in this 
case an unavoidable delay of five or six minutes in transferring the organs to 
the fixing solutions. During this pause, there was doubtless an escape of ether 
from the blood and lymph, and consequently from the ‘surviving’ cell bodies. 


Rabbit 4. Ether for four hours. 


(a) Cerebrum. The greater number of cells are again rarefied, and — 
many are reduced to mere skeletons. The layers of cells above and below the 
pyramidal layer are slightly rarefied. The pyramidal cells are markedly 
rarefied, and a certain number of these show a more marked change than 
had been noticed in the previous animals; the margins of these cells are 
disintegrated, their nuclei are eccentric, swollen and granular, the nucleoli 
are enlarged and irregularly stained. One would hesitate to describe such | 
cells as degenerated, for there is nothing to indicate that the change is a 
permanent one, or that any cells have completely broken down. The glia 
cells are indubitably augmented in number and noticeably turgid ; they with 


many leucocytes cluster about and in not rare cases actually penetrate within 


the most profoundly affected cells. 

By the silver stain, all the apical dendrons are seen to be moniliform. In 
numerous instances the swellings are larger than any observed in previous 
cases. The lower portions of the dendrons are also more frequently affected. 
No rupture is en 2 in any dendrons. The method reveals no change in 


the cell bodies. 


(6) Cerebellum. A few of the cells of Purkinje are dectdudty paren, 
but the vast majority are normal. 


(c) Spinal cord. The posterior cornual cells are for the first time 
noticeably rarefied, though the majority are still normal. The anterior horn 
cells are rarefied (Plate 1, fig. 2), and a small number of these show the 
pseudo-degeneration just described in the cortical cells. The glia cells show 
the same change and behaviour as in the cortex. Leucocytes are numerous 
in the tissue, and mixed with swollen glia cells in the peri-cellular and 
vascular spaces. 


‘(d) Vascular conditions, These are practically the same as in 
previous cases, except that more leucocytes are seen in the peri-capillary 
spaces, and also a few swollen pale glia cells. There is no appearance of 
stasis, The nuclei of the capillaries aed y bulge, and stain more deeply 


than normal. 


Rabbit 5. Ether for six hours. 


(a) Cerebrum. Here the same general condition icin as in the last’ 
case, but the number of skeleton cells (Plate 1, fig. 3) is greater, and those 
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in which the disintegrative change has gone further are also more numerous. 
Small masses of débris with occasionally a pale swollen nucleus can be seen in 
any section; these are encompassed by swollen glia cells, and leucocytes; in 
other instances a mass of enlarged, pale glia cells and leucocytes filled with 
products of degeneration, and scattered débris amongst them are seen. These 
possibly mark destroyed cells (Plate 1, fig. 4). Compared with the one hour 
case, the number of glia cells is enormous. : 

By the silver method, practically the same results are noted as in the 
four hour animal, though occasionally the bulbous enlargements are larger 
(fig. 2 in text). | 


Fig. 2. Cortical cell of rabbit. The moniliform enlargements have increased 
in size and extent after six hours’ etherisation. 


In the cells lying outside the pyramidal layer fine moniliform swellings 
are not infrequently seen in the most distal parts of their dendrons. 

(b) Cerebellum. <A larger number of cells of Purkinje are rarefied than 
in the last case, and some are reduced to mere skeletons. 

(c) Spinal cord. Only a few anterior horn cells remain normal. A 
small nuniber show extreme change (Plate 1, fig. 5), and quite two-thirds 
of the remainder are markedly rarefied. Skeleton cells are more numerous 
than in the last case, and more of the posterior horn cells, especially the larger 
ones, are affected. The glia cells appear as in the last case. 


(2d) Vascular conditions. These are as before. There are many more 
leucocytes in the peri-capillary spaces and mingled with them swollen glia 
cells containing granular material. The latter feature is not so remarkable 
in the cord as in the cortex. 
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Rabbits 6, 7, 8, 9,10. Chloroform for 3, 1, 2, 4, 6 hours respectively. 
The changes in the chloroformed animals differ so little in kind or even 
in degree from those anwsthetised by ether, that it is only necessary for me 
to note the few differences that were observable. 

In the two first of the series (chloroform for 4 and 1 hour) the cellular 
rarefaction is slightly greater than in the corresponding ether cases. 

At the end of two hours (Rabbit 8) the rarefaction is rather more obvious, 
and there was no diminution of the degree of rarefaction as in the correspond- 
ing ether case (Rabbit 3). 

After four and six hours the changes noted in the corresponding ether 
cases are present to a more marked degree, in cerebrum and cerebellum, 
whereas the changes in the spinal cord are about the ‘same whichever 
anesthetic is used. 

By the silver method, moniliform swelling of the dendrons is present from 
first to last, and increases in degree part passu with the anesthesia. 

The vascular conditions are the same as in the ether cases, except that the 
veins were like the capillaries found to be almost empty and contracted. 


Dog 1. Ether for half-an-hour. 
No change is observable in any cells by either method. Venous engorge- 
ment and capillary anemia are present as in the rabbits. 


Dog 2. Ether for | hour. 

No change is observable in any cells by Cox’s method. By the methylene 
blue method no change is seen in the cells of cerebellum and cord, but in the 
brain the Nissl’s bodies in many of the pyramidal cells are pale and granular 
in appearance, and the dendrons of these cells are denuded of Nissl’s bodies. 
The same vascular conditions are present as in the first dog. | 


Dog 3. Ether for two hours. 
Practically the same appearances are present as in dog 2. More pyramidal 
cells are, however, affected, but moniliform enlargement of the dendrons 


is not seen. The glia cells are slightly swollen, but stain well. Spinal and 
cerebellar cells are still normal. 


Dog 4. Ether for four hours. 


(a) Cerebrum. The large pyramidal cells are decidedly rarefied 
(Plate 1, fig. 6). The main apical processes are usually denuded of Nissl’s 
bodies ; the basal dendrons occasionally show the same change. The edges of 
such cells are ragged. A few skeleton cells are seen. The glia cells are more 
swollen, but show no augmentation. By Cox’s method the extreme tips of 
the apical processes are moniliform, but the swellings are small — 3 in - 
The basal dendrons are still normal. 
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(b) Cerebellum. A small number of the cells of Purkinje are rarefied. 


(c) Spinal cord. Very occasional rarefied cells are seen in the anterior 
horn, but the majority of these cells, and all the cells in the posterior horn, 
are normal. 


Fig. 4. 
. pyramidal cell after four hours’ etherisation. 
Fig. 4. Moniliform swellings in dog’s pyramidal cell after six hours’ etherisation. 


(d@) Vascular conditions. Capillary anemia and constriction are present 
as in the previous cases. The nuclei of the — bulge and stain rather 
more deeply than normal. | 


Dog 5. Ether for six hours. 

The condition seen is simply an exaggeration of that in the previous case. 
The change in the cortical cells has not advanced beyond ‘rarefaction’ but the 
glia cells are more numerous and cluster about the markedly affected cells. 
The next figure in the text (fig. 4) shows the increase in moniliform change. 
The cells of cerebellum and spinal cord have about the same condition as in 
the four hour case. 


Dogs 6, 7, 8,9, 10. Chloroform for }, 1, 2, 4, 6 hours respectively. 

The changes observed in these animals are of « precisely similar character 
to those just described in the case of ether: At the end of four hours the 
rarefaction is slightly more general and more advanced. Pilate 1, fig. 7, 
shows one of the pyramidal cells in the skeleton stage at the end of six hours’ 
anesthesia. With regard to the vascular condition, there is less marked 
capillary anemia, and the veins are less congested. This agrees with what 
was observed in rabbits. 
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38 H. WRIGHT. 
a It should be mentioned that the anesthetics were administered to dogs by 
| the mouth, except in the six iid cases (dogs 9 5 and 10), where a tracheal - 
i tube was used. 


Conclusions. 


The following conclusions can be drawn from the appearances 
_ described : 

1. In rabbits both ether and chloroform anzsthesia cause certain 
changes in the nerve-cells of both brain and spinal cord. These are 
slight at first, but become more pronounced as the anesthesia is 
continued. By the methylene blue method, the principal change is 

| that which I have described as ‘rarefaction’; in the advanced cases, 
{ I have introduced the term ‘skeleton cell,’ and in the most marked 
{ cases of all, a ‘pseudo-degenerative’ change has set in. | 

2. In rabbits also there is an early and constant moniliform 
enlargement of the tips and stems of the chief dendritic extensions 
of many pyramidal cells; these enlargements grow iu size and spread 
along the dendrons towards the cell body as the anesthesia is continued. 

: Though it was of course impossible to examine the same cells by both 

: the methylene blue and the silver processes, I brought under observation 

a the cells of nearly identical parts of the two hemispheres, and I consider — 
it justifiable to assume that the moniliform dendrons spring from the © 
cells that show rarefaction. : 

3. In dogs, there are practically no changes up to two hours, but 
between that time and four hours changes occur in the nerve-cells 
similar in kind to though less in degree from those observed in rabbits ; 
these changes become more marked as the anesthesia is continued. 

4. Corresponding to this, the nerve-cells of dogs show no moniliform 
enlargement of their dendrons up to two hours of anzsthesia, but after 
this point and presumably at the time that changes occur in the cell- 
bodies, a, few dendrons show moniliform change and this becomes more 
pronounced as the anesthesia is continued. 

I feel inclined to the view that the lesser degree of the affection in 
dogs is due not so much to my care in keeping up the body temperature 
of these animals, but rather to the fact that the neurons of dogs have 
more inherent power of resistance to the drugs than those of rabbits. 
In dogs the time of the return of the conjunctival reflex is shorter than 
in the corresponding rabbits, so the degree of narcosis is less, and it is 
a common experience that rabbits succumb more readily to anesthetics 
than dogs. 
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I also regard the changes observed in the cells and their processes to 
be due directly to the influence of the anesthetics, and not indirectly 
due to the capillary anemia which is produced. Mott has produced 
changes somewhat resembling those I have described by suddenly 
cutting off the arterial supply to the brain, but there is an obvious 
difference between such an experiment, and the capillary anemia I 
_have described. I should regard the anemia in my experiments as 
a ‘conservative process, secondary to a diminution in the activity of 
the nerve centres. 

The venous congestion again appears to’be a secondary phenomenon, 
and cannot be regarded as the cause of the changes in the nerve-cells. 
I think this is quite clear when one compares the effects of chloroform 
with those of ether; for under chloroform the effect on the nerve-cells 
is greater, whereas the amount of venous congestion is less, 

Ether and chloroform are generally stated to circulate in the blood 
as such and no bio-chemical change in the blood has hitherto been — 
described as a result of their administration. I am therefore forced to 
the conclusion that the neuronal changes are bio-chemical in nature, 
and are produced by the anesthetic that reaches them via the blood 
stream. 

Nissl’s theory is that healthy nerve-cells fixed and stained in a 
constant manner will appear the same under .constant optical con- 
ditions, and the appearance seen is the equivalent of such healthy 
nerve-cells during life. It follows that if nerve-cells under the same 
constant conditions present a difference from the equivalent or symbol 
of healthy cells, the difference is the measure of some change that 
occurred during life. To decide how such changes are produced by 
anzsthetics is a difficulty; there is nothing to suggest that chloroform 
or ether could cause these changes mechanically, and the supposition 
that they act chemically is extremely probable. It-is possible for 
instance that the anesthetic forms a compound with the Nissl bodies 
and thus prevents them from reacting to stains in a normal way; the 
degree of this change is proportional to the length of time to which 
they are exposed to the action of the drugs. ) 

It is generally admitted that Nissl’s bodies, forming as they do so 
large a component of the cell body, are in some way nutritional and 
energy-producing. Changes in them must necessarily be followed by 
some modification visible or invisible of the other structures in the cell 


Lancet, June 30th. 1900, 
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body and its branches; this is probably the explanation of the moniliform ° 
swellings of the dendrons. A large experience in the histological 
methods employed in this research has convinced me that the varicosities 
are not due to post-mortem changes, and I have seen nothing in my 
work which confirms a widely spread belief that the enlargements are 
primarily the bio-physical basis of loss or modification of consciousness. 
The change is essentially nutritional or bio-chemical, affecting primarily 
the cell body and secondarily the processes that spring from it. The 
puffing out of the dendrons occurs first at the points furthest removed 
from the nutritional centre ‘in the cell, and it is not until the dose of 


_ the drug is increased that the moniliform enlargements grow in size, 


become more numerous and encroach upon the gradually weakening 
dendritic stem. The phenomenon, whether it is due to simple hydration 
at the swollen parts, or to a more profound chemical change, appears to 
be quite analogous to, though less in degree than the degenerative 
changes that occur when the neuronal body atrophies; the first changes 
are observed at the most distal portions of the nerve fibre that originates 
from the cell body, and one may even compare the moniliform en- 
largements to the increase and swelling of the protoplasm around the 
nuclei of the sheath of Schwann that occurs in Wallerian degeneration. 
The bio-physical theory rests principally on preparations made by the use . 
of one or other modification of Golgi’s method. Important light is 
thrown on the question when the aniline stains are employed as well, as 
by these alone can changes in the cell body be detected. 

_ Lugaro denies the existence of dendritic varicosities as the result 
of chloroform anesthesia, and has substituted for the bio-physical theory 
of Demoor and other writers, another which appears to be still more 
difficult of proof. According to Lugaro varicosity of dendrons and 
retraction of neurons is the condition on which consciousness depends, 
and loss of consciousness depends on the absence of varicosities and 
retraction, and therefore on the contact of neurons. 

If Lugaro’s dogs had been anzsthetised for a sufficiently long time, 
he would doubtless have found moniliform swellings; he makes no 
mention of the time during which anasthesia was kept up, and I must 
conclude that the length of time must have been insufficient. His 
method of fixing the tissues I regard as a point of secondary importance. 
He injected Cox’s fluid by the carotid, and thus the tissues were fixed: | 
in situ. If the varicosities I observed were the result of post-mortem 
changes due to my placing the pieces of brain in Cox's fluid in the 
ordinary way, the varicosities would have appeared in all cases, but 
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body and its branches; this is probably the explanation of the moniliform « 
swellings of the dendrons. A large experience in the histological 
_ methods employed in this research has convinced me that the varicosities 
are not due to post-mortem changes, and I have seen nothing in my 
work which confirms a widely spread belief that the enlargements are 
primarily the bio-physical basis of loss or modification of consciousness. 
The change is essentially nutritional or bio-chemical, affecting primarily 
the cell body and secondarily the processes that spring from it. The 


_ puffing out of the dendrons occurs first at the points furthest removed 


‘1 


from the nutritional centre ‘in the cell, and it is not until the dose of 
the drug is increased that the moniliform enlargements grow in size, 
become more numerous and encroach upon the gradually weakening 
dendritic stem. The phenomenon, whether it is due to simple hydration 
at the swollen parts, or to a more profound chemical change, appears to 
be quite analogous to, though less in degree than the degenerative 
changes that occur when the neuronal body atrophies ; the first changes 
are observed at the most distal portions of the nerve fibre that originates 
from the cell body, and one may even compare the moniliform en- 
_largements to the increase and swelling of the protoplasm around the 
nuclei of the sheath of Schwann that occurs in Wallerian degeneration. 
The bio-physical theory rests principally on preparations made by the use 
of one or other modification of Golgi’s method. Important light is 
thrown on the question when the aniline stains are employed as well, as 
by these alone can changes in the cell body be detected. 

_ Lugaro denies the existence of dendritic varicosities as the result 
of chloroform anesthesia, and has substituted for the bio-physical theory 
of Demoor and other writers, another which appears to be still more 
difficult. of proof. According to Lugaro.varicosity of dendrons and 
retraction of neurons is the condition on which consciousness depends, 
and loss of consciousness depends on the absence of varicosities and 
retraction, and therefore on the contact of neurons. 

If Lugaro’s dogs had been anzsthetised for a sufficiently long time, 
he would doubtless have found moniliform swellings; he makes no 
mention of the time during which anaesthesia was kept up, and I must 
conclude that the length of time must have been insufficient. His 
method of fixing the tissues I regard as a point of secondary importance. 
He injected Cox’s fluid by the carotid, and thus the tissues were fixed: © 
tn situ. If the varicosities I observed were the result of post-mortem 
changes due to my placing the pieces of brain in Cox’s fluid in the 
ordinary way, the varicosities would have appeared in all cases, but 


2 
{ 
if 
| 
| 
| 
| 
| 
ww 
3 
| 
< 
= 


= 


JOURN. PHYSIOLOGY. VOL. XXVEPLATE 1. 


Ldwin Wilson, Cambridge. 


NS f 4 

\ / &S 4 

\ | 

| 

Al 


FY 
tes 
= 
¢ 4 
‘ 
“<a 
4G 
it 
4 
a 
4 
he 
ag 
. 
Ame 
Pe” 
“a 
4 
we 
% 
‘ 


ANASTHETICS ON NEURONS. — 41 


they did not appear until anesthesia has been prolonged for four 
hours. 

Whether the facts I have described as occurring in dogs and rabbits, 
occur also in the human subject under the influence of anzsthetics, it 
is obviously impossible to say. But I do not consider that there is any 
analogy. between the changes I have described, and those bio-chemical 
_ anabolic and katabolic changes that occur in daily life and mark our 
sleeping and waking hours. I regard the action of narcotics such as 


those I have employed as pathological, not very intensely pathological . 


it is true, but still something which is remote from physiological 
processes. In sleep there is probably an opportunity for the con- 


stituents of the nerve-cells to undergo anabolic changes, whereas in 


the unconsciousness produced by anesthetics, the process appears to be 
associated with an exhaustion of them. 


The expenses of this work were defrayed by a sand made to me as John 
Lucas Walker Exhibitioner of the University of Cambridge. The experi- 
ments themselves have been performed partly in the University of Heidelberg, 
partly in the Pathological Laboratory at Cambridge, and partly in the 
Physiological Laboratory at King’s College, London. A good deal of the 
microscopic examination of the tissues was carried out in the London County 
Asylums Laboratory, Claybury, and a few experiments have been completed 
since my arrival in the Malay States. 


EXPLANATION OF PLATE IL. 


Fig. 1. Moderate ‘rarefaction’ of sores pyramidal cell of rabbit after one 
hour’s administration of ether. 


Fig. 2. Rarefied anterior cornual cell of rabbit after four hose etherisa- 
tion. 

Fig. 3. ‘Skeleton’ pyramidal cell of rabbit after six hours’ heitaations. 

Fig. 4. Pyramidal cell of rabbit after six hours’ etherisation in which the 
change has advanced beyond the skeleton stage. | 

Fig: 5. Anterior cornual cell of rabbit after six hours’ etherisation 
showing the same advanced change. 

Fig. 6. Rarefied pyramidal cell of dog’s cortex after four hours’ 
etherisation. 

Fig. 7. ‘Skeleton’ pyramidal cell of dog’s cortex at the end of six hours’ 

chloroform anzsthesia. 


won 
z 
° 
A 
a 
“ 
4 
| 
é 


THE POSITION OF THE RESPIRATORY AND CARDIO- 


INHIBITORY FIBRES IN THE ROOTLETS OF 

THE IXth, Xth AND XIth CRANIAL NERVES. By 
A. W. CADMAN, F.R.CS. Lecturer and Demonstrator in the 
Anatomical Department of King’s one London. 


(From the Conjount abavetinien of the Royal Colleges of 
Physicians and Surgeons, London.) 


THE experiments which are described in this paper have been under- 
taken with the object of determining the functions of the rootlets of the 
ninth, tenth and eleventh cranial nerves as they leave the medulla. 
Although anatomically arranged in three groups, this grouping, as is 
well known, does not correspond to the three large nerve trunks as they 


issue from the base of the skull. 


The present paper deals with three sets of fibres only, viz., the 
respiratory (Hering-Breuer) fibres, the efferent cardio-inhibitory 
fibres, and the afferent fibres of the vagus excitation of which causes 
reflex cardiac inhibition. 

Cats and dogs were chosen for the experiments, and they were 


throughout anesthetised with the a.c.E. mixture. The animal having 


been anwsthetised, the two carotids were exposed, one was’ ligatured, 
and a cannula was tied in the other so that the blood-pressure could be 
subsequently recorded. A cannula was next tied in the trachea. 
Loops of thread were passed round the two vagi in the neck, the vagi 
being separated from the cervical sympathetics. The ligature of both 


_ the carotids prevented a great deal of the bleeding in the later stage of 


the operation while the circulation in the brain and medulla was little 
affected. The medulla was always found to be quite sensitive and to 
give good reflexes. | 

The aoimal.was now turned over, the left temporal muscle was 
reflected and the muscles of the back of the neck removed on either 
side so as to thoroughly lay bare the occipital bone, occipito-atloid 
ligament and atlas. In reflecting these muscles care must be taken ta 
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ligature a large artery and vein issuing with the first cervical nerve. 
The occipito-atloid ligament was cut in the middle line and the dura 
mater separated from the lower margin of the supra-occipital bone. 
The whole of the supra-occipital, and a small part of the posterior 
border of the left temporal bone was then rapidly removed. Consider- 
able bleeding takes place from the sinuses as they are cut across. This 
is at once checked by having the head of the animal raised well up 
above the trunk, and the sinuses are then plugged with wax. The 
skull was cut freely away laterally; the bleeding at each cut being 
stopped as before. Great care is taken throughout this stage that the 
dura mater is not injured. Sufficient bone having been removed to 
allow of free exposure of the rootlets, the dura mater was incised in the 
middle line and thrown down towards the left side. Upon now gently 
displacing the cerebellum the rootlets of the three nerves can be brought 
into view. The rootlets lie at the bottom of a deep conical space in 
which the blood, from the torn small vessels, collects and effectually 
prevents a view of any single rootlet sufficiently distinctly to allow of 
its section. To avoid this difficulty small pledgets of cotton wool with 
clean cut. edges were prepared of such a size as to fit the space: these 
were inserted and pushed gently against the cerebellum and medulla. | 
The pressure necessary to push aside the cerebellum.at the same time 
stops the bleeding which occurs from this surface, and, in this way, the 
rovtlets can be brought into clear view and divided as necessary. 

At first it was attempted to determine the functions of the rootlets 
by exciting them directly with induction shocks, but this proved most 
unsatisfactory as, in the first place, the working space is so contracted, 
and secondly, the rootlets lie so close together, that it is impossible — 
to prevent escape of current to other rootlets than the one excited. 
Excitation reflexly was, therefore, employed in all the later experiments. 
The plan of the experiment was to obtain a reflex through the rootlets, 
and then to cut a single rootlet and note if the reflex had been in any 
way affected. 

The rootlets, as is known, are arranged in three groups’. In the 
cat the uppermost consists firstly of one large rootlet, and this is 
followed by one, or sometimes two, rather smaller rootlets. The second 
group is made up of a series of about eight to ten small rootlets which 
follow each other closely forming a band-like arrangement: these lie 
on a plane a little posterior to the upper group. The third group 


' Cp. Kreidl, op, cit. infra and the papers there quoted. 
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generally consists of three distinct rootlets situated in the angle 
between the spinal portion of the spinal accessory nerve and the 
medulla, These will be referred to in this paper as the first, second, — 
and third groups respectively. 

In the dog the arrangement is mush simpler. All the fibres leave 
the medulla in three large rootlets, which correspond to the groups of 
rootlets found in the cat. The three big rootlets are also well separated 
from one another. 


Section I. The respiratory fibres. 


In order to determine the rootlets in which these fibres enter the 
medulla, experiments were carried out in the following manner. The © 
rootlets having been exposed on the left side of the medulla, the right 
vagus was then divided in the neck. 

The left uncut vagus was now excited by weak induction shocks to 
show that it produced arrest of respiration. After recovery from this 
- excitation the rate of respiration was counted. The uppermost bundle — 
of the first group was now divided and any effect on the rate of respi- 
ration recorded. Similarly the rootlets were divided one by one from 
above downwards, watching for the slowing of respiration which follows 
division of both vagi in the neck. After each rootlet was divided the 
left vagus was excited to see if any effect upon respiration resulted. 
There were therefore two signs indicating that the respiratory fibres 
had been divided, viz.: (i) the slowing of the respiration and (ii) absence 
of effect. on respiration when the left vagus was excited in the neck. 
By this experiment the lowest limit at which these fibres enter the bulb 
was determined. 

By an exactly similar procedure, in other experiments, but starting 
with the lower rootlets and passing upwards, the upper limit by which 
the fibres enter was determined. Finally the experiment was made of 
picking out those rootlets only which lay between the limits determined 
by the earlier experiments. 

In this way it was proved that the afferent respiratory fibres enter 
the bulb in the lower rootlets of the upper group. If there are two 
rootlets here, both contain respiratory fibres. If there is but one rootlet, — 
all these fibres lie in that rootlet. Respiratory fibres were never found 
in the upper rootlet. Division of the rootlets of the second and third 
groups have no effect whatsoever upon respiration. 
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The arrangement i in the dog is exactly similar. All the respiratory 
fibres enter in the _— rootlet. 


Section II. The efferent cardio-inhibitory fibres. 


The general plan of the experiments for tracing these fibres in the 
rootlets was as follows. When the rootlets had been exposed upon the left 
side the animal was placed on its back and the cannula in the left 
carotid connected to a mercury manometer. The right vagus was then 
divided in the neck and its central end excited electrically, The blood- 
pressure tracing gave the record of the cardiac inhibition. The animal 
was now turned over and the uppermost rootlet divided. The central 
end of the right vagus was again excited. The rootlets were now 
divided seriatim from above downwards and reflex cardiac inhibition 
watched for after each division. In this manner the lowest limit at 
which these fibres leave the bulb was determined. In the next animal 
the uppermost limit was determined, and, finally, by picking out the 
particular rootlets, the general result confirmed. 

In this way it was shown that the efferent cardio-inhibitory fibres 
of the vagus leave the buib in the two lowest rootlets of the third 
group. They. are never contained in the upper rootlet or rootlets of 
this group, and, if there are only two rootlets present, the fibres are all 
contained in the lower one. In the dog the arrangement is the same ; 
all these fibres run in the lowest rootlet. 


cardiac inhibition. 


The course of this set of fibres was determined by an analogous set 
of experiments. The left vagus being cut in the neck, its central end 
was excited before and after division of the various rootlets. The absence 
of effect on the blood-pressure record gave the limits of the rootlets 
which carry these fibres into the bulb. It was thus proved that these 
fibres entered by the lower two rootlets of the first group. In fact, the 
entrance of these fibres is exactly the same as that of the respiratory 
fibres. This result, therefore, falls well into line with the results 
obtained by Brodie and Russell’ on reflex cardiac inhibition. They 


* See this number of the Journal, infra. 
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show that the branches of the vagus excitation of which results in 
cardiac inhibition are the pulmonary branches. Stimulation of the 
cehtral end of the divided cardiac branches commonly produces no effect 
on the heart rate, sometimes it is slowed, but even then the inhibition | 
is never so pronounced as that following stimulation of the pulmonary 
nerves. Similarly excitation of the vagi below the point at which the 
pulmonary nerves are given off frequently causes no inhibition and 
when the latter is produced it is never very considerable. 
Observations on the function of the rootlets have been made by 
several observers. Grossmann‘ carried out his experiments upon 
rabbits, in which animal the arrangement of the rootlets is practically 
the same as in the cat. The occipito-altoid ligament was exposed and 
opened, No bone was removed. The rootlets were excited electrically 
and the effect upon the heart determined by recording the blood-pressure. 


- Inhibition was only obtained when the lowest rootlets of the middle 


group and the highest of the lower group were excited. These results 
differ from those I have obtained upon the cat. I have not as yet 
attempted to confirm these results by the reflex method upon the rabbit. 
In the cat it is quite impossible to see the rootlets unless the bone be 
removed. Stimulation of the rootlets electrically is I think very 
untrustworthy for this purpose. While employing it I never obtained 
the precise and definite results obtained by the experiments above 
described. 

Kreid1?’ also worked upon rabbits. Among other results he observed, 
he describes slowing of respiration as following the tearing through 
of all the rootlets of the upper group. His results therefore agree 
with mine, but he was not able to discriminate between the different 
rootlets of that group. 

Beer and Kreidl* have wanted a method which is practically 
the same as mine. ‘ Among other fibres they worked out the course 
of the respiratory and describe them as entering in the lower rootlets of 
the upper bundle. My results upon cats and dogs, therefore, agree very 
well with theirs upon the rabbit. 

In a later paper Kreidl* gives the results of some experiments 
of the same kind upon monkeys (Macacus Rhesus). The rootlets were 


_ exposed and excited electrically. He found that the inhibitory fibres 


1 Grossmann. Pfliger’s Archiv, ux. p. 1, 1895. 

Kreidl, Pfliiger’s Archiv, ux. p. 9. 1895. 
* Beer and Kreidl. Pfliger’s Archiv, uxu. p. 156. 1895, 
Kreidl. Sitz. d. k. Akad. Wien, p. 197. 1897. 
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for the heart left the bulb by the upper two rootlets of the middle 


bundle. The respiratory fibres enter by the lower rootlets of the upper 
group. As far as the respiratory fibres are concerned, my results upon 
the cat are in agreement with his upon the monkey. As regards the 
cardiac fibres our results differ materially. In my opinion the method 
adopted by Kreidl for determining the course of these fibres is not so 
satisfactory as the reflex method I have adopted. I have found that 
these fibres enter in quite the same position in both cat and dog, and 
in a successful experiment the answer given by the reflex method is 
very decisive. 


_ I wish here to express my thanks to my friend Dr T. G. Brodie for 
his very valuable hints and great help in these experiments. 
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THE IMMEDIATE ACTION OF AN INTRAVENOUS IN- 
JECTION OF BLOOD-SERUM. ByT. G. BRODIE, M.D., 
Director of the Laboratories of the Royal College of Physicians, 
London, and the Royal College of Surgeons, England; Lecturer 
on Physiology, London School of Medicine for Women. (Fifteen 
Figures in Text.) 


(From the Conjownt Falerstories of the Royal College of Physicians, 
London, and the Royal College of Surgeons, England.) 


In carrying out some experiments with antitoxic serum I was surprised 


to find that the intravenous injection of diluted blood-serum into a cat 


produced a marked effect upon the heart and respiration. 

As serum is now being extensively used for therapeutic purposes I 
thought it would be well to follow this observation further. At the 
outset I must mention, that of the animals tested, dog, cat and rabbit, 


- the effect is only to be observed in the cat. A second important point 


is that it is not a particular property of antitoxic serum for it can be 
obtained by injecting serum from any source, including even the serum 
obtained from the particular animal experimented upon. It was also 
found that several other substances, e.g. egg-white and the bromine 
compounds of proteids, could produce the same effect but in the experi- 


‘ments described in this paper serum has been chiefly employed. It 
may be mentioned that milk has a slight effect, but — and 


peptone have none. 

_ That serum is by no means an innocuous substance hi injected 
subcutaneously or intravenously into an animal is already well known, 
but I need only refer to the most recent papers upon this subject. 
Weiss’ describes a long series of experiments dealing with the toxicity 
of serum. The serum from all species of animal tested was invariably 
found to be toxic, though possessing different degrees of toxicity, and 
caused death if a sufficient quantity was injected. The symptoms 


1 Weiss. Pfliiger’s Archiv, uxy. p. 215. 1896. In this paper will be found full 
references to previous work. See also Pfliiger’s Archiv, uxvus. p. 348. 1897. 


3 
i 
- 
at 
“4, 
i 
4 
| 
4 * 
th. 
an 
a 
+ 
W 
2 
ah 
| 
} 
4 
a 
4 
« 
> 
4 F 


INJECTION OF BLOOD-SERUM. 49 


produced as described by Weiss and other observers are briefly, dimi- 
nution in the amount of urine and albuminuria, increased rapidity of the 
respiration and of the heart, and a rise in temperature. These symptoms 
might persist several days. If serum was continuously but slowly in- 
jected until it caused death, the respiration first became very rapid, 
then laboured, and finally the animal became convulsed. The rate of 
heart-beat was increased and at first the beat was stronger but gradually 
failed, though it persisted after the respiration had ceased. The pupils 
dilate and exophthalmos is produced. There is increased peristalsis of 
the small intestines. Death is due to paralysis of the respiratory and 
vaso-motor centres. Weiss chiefly employed rabbits for his experi- 
ments, but he obtained similar results with the cat and the dog. The 
degree of toxicity of different forms of serum for the rabbit has also 
been determined by Guinard and Dumarest'. They determine the 
quantities sufficient to kill withip a few days. .The most toxic serums > 
are those of the ox, dog and cat; the least that of the horse. Another 
paper dealing with the same side of the subject is that of Friedenthal 
and Lewandowsky’, which confirms and extends the previous work 
in this direction. They point out one further very important fact, 
viz,, that if the serum be heated to 58°—60° C. for an hour it can then 
be injected without producing any symptoms of a toxic action’. 

In Fig. 1 is reproduced a typical tracing showing the effect pro- 
duced by an injection of blood-serum upon the blood-pressure and 
respiratory tracings. The injection was made into the external jugular 
vein and it is seen that it is immediately followed by marked inhibition 
of the heart, the blood-pressure nearly falling to zero. Recovery of the 
‘heart sets in in about 10 seconds and then the blood-pressure begins to 
rise, at first rapidly as the rate of beat increases and then more slowly. 
After about 10 minutes the heart had regained its original rhythm and 
the blood-pressure had returned to its former height. The effect upon 
respiration is just as striking. Simultaneous with the arrest of the - 
heart the respiration ceases in the expiratory phase, a prolonged and 
very slow inspiration follows and as the heart recovers a few irregular 
respirations occur, many of them being very deep, and then a second 
standstill occurs until 15 secs. later the normal rhythm once more 
returns. This is the ordinary effect produced by a fairly large injection 


1 Guinard and Dumarest. Comp. Rend. Soc. de Biol. xu1x. pp. 414, 416, 495. 1897. 

* Friedenthal and Lewandowsky. Archiv fiir (Anat. u.) Physiol. 1899, p. 581. 
See also Munk and Lewandowsky. Ibid. 1899, supp. p. 73. 

3 Le. p. 589. 
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—in this instance 5 c.c. of. normal horse serum—but several variations 
from this type are met with. The inhibition is commonly not so 


Fig. 1. Cat under urethane’, The upper tracing is that of respiration. Rise of the 
lever indicates inspiration. The second tracing is that of the blood-pressure by a 
mercury manometer connected to the carotid. The lower line is the abscissa line of 
zero-pressure. At the time indicated by a break in this abscissa line 5c.c. of normal 
horse-serum was injected. 


complete as in the case recorded, and recovery is then as a rule quicker. 
Moreover the effect on respiration is often different. Frequently the 
first change observed is the occurrence of two or three shallow and 
rapid respirations followed by arrest in expiration, and usually the 
tracing at this time is quite horizontal. On a few occasions I have 
observed as the first effect the occurrence of two or three deeper and 
slower respirations before the arrest. 

In other instances the respiration simply becomes shallower (Fig. 11) 
and this is followed by quicker respirations which are also frequently 
deeper. 

The recovery of respiration is, as a rule, not so sudden as in Fig. 1, 
but on returning the rate and depth gradually increase and may for a 
time exceed the normal. (See Fig. 15.) Occasionally animals have 


1 All the figures in this paper are to be read from left to right. 
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been met with which show no effect whatever upon the respiration 
although the cardiac effect is typical. 

In addition to the two well-marked results already ae a third 
effect, viz. one upon the vaso-motor centre, is also produced. The expe- 
riments proving this will be described later. , 

One of the most striking features of the reaction is the great 
suddenness of the changes i in the heart and respiration and the fact 
that both are identical in point of time. 

My experiments upon this result of a serum injection have been 
chiefly concerned with four main points, and it will therefore be most 
convenient to describe them in four sections. In the first of these the 
mode of production of the arrest of the heart and respiration is dis- 
cussed; in the second the effect upon the vaso-motor system; in the 
third the production of immunity to a serum injection, and in the 
fourth the constituent of serum which produces the reaction. 2 

Throughout the experiments the animals were anzsthetised with 
the ordinary A.C.E. mixture, though in a few instances urethane was 
employed. 

The amount of serum required to produce the result varies con- 
siderably with the animal, often as little as 0°1 c.c. produced a typical 
reaction, whilst at times as much as 10 cc. had to be injected. Ona 
few occasions the animals produced no reaction at all. The time of 
_ year has also seemed to have some influence, for the animals appeared 
to be more sensitive in the’ winter months than in the summer. | 

As a rule the injections have all been made into the jugular vein, 
but the result is exactly the same when the injection is made into the 
femoral vein or into a branch of the mesenteric vein. 


I. THE MODE OF PRODUCTION OF THE ARREST OF HEART 
AND RESPIRATION. 


The fact that the action on the heart and respiration: occurred 
simultaneously seemed to indicate that the action was one on the 
medulla, but this is at once negatived by cutting both vagi in the 
neck after which a serum injection produces very little effect. This 
is seen in Fig. 2 taken from an animal which had given a well-marked 
reaction to an injection of 3c.c. of cat’s serum before the vagi were cut 
in the neck. In the experiment given as much as 10c.c, were now 
injected and the only result observable is a small and transient fall in 
—, There is no slowing of the heart and practically no 
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alteration of respiration, The cause of this fall in blood-pressure will 
be discussed later. The conclusion to be drawn from these two results 


Fig. 2. Cat. Respiration and blood-pressure. The vagi have been previously divided in i 
the neck. The zero-abscissa line has been raised 56mm. At the time signalled on | 
this line 10c.c, of cat’s defibrinated blood was injected. Time record =seconds. 

is that some substance in the serum excites the terminals of some set 

of afferent fibres of the vagus, and these impulses act upon the medullary 
centres and produce, as their chief effect, slowing of the heart and arrest 


The stimulation of these fibres lasts a considerable time after the ti 


seruth has been injected. This is well seen from Fig. 3, in which 
experiment the vagi were cut in the neck during the effect upon the 
heart and respiration. Immediate recovery follows. In one experiment 
_ the section of the vagi led to failure of the heart and death of the 
animal. I have repeated this experiment many times but have never, 


with this single exception, obtained any result — from that 
recorded in Fig. 3. 
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In some cases the excitation of the vagal fibres lasts so long as to 
- cause the death of the animal. This I have often observed with doses 
as large as 10 c.c. and on one occasion with 2c.c, of serum. 


Vig. 3. Cat. Respiration and blood-pressure. Zero-abscista line has been raised 15 mm. 
At the first signal on this line 10c.c. cat’s defibrinated blood was injected. At the 
second the two vagi were divided in the neck. Time record=seconds. 


That the action of the serum.is upon the periphery and not on the 
medulla is further shown by injecting the serum into the peripheral end 
of the carotid artery, when the reaction should occur more quickly and 
in greater intensity if the action were one upon the medulla. This is, 
however, not the result, but on the contrary there is a considerable latent 
period before the typical reaction occurs. During this latent period no 
alteration in the blood-pressure or respiratory rhythm was, as a rule, 
observed. In other instances, the injection was immediately followed 
by a rise of blood-pressure which suddenly fell later as the usual 
reaction was produced. In these injections into the carotid less effect 
is, as a rule, observed upon the respiratory rhythm. 
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It being evident that the effect is a reflex one the afferent impulses 
being carried along the vagus, I performed several experiments to 
determine which were the vagal fibres stimulated. The general plan 
of these experiments was to first insert cannule in one carotid, one 
external jugular and the trachea and then to expose the vagus in the 
chest. In the first instance the two vagi were obtained on the cwsoph- 
agus. For this purpose the thorax was opened by resection of three 
ribs, artificial respiration being established. The two vagi were isolated 
and loops of thread passed round them. The carotid was then 


- connected to the manometer and a dose of serum injected. The vagi 


were next gently lifted up by the threads and divided. This was 
followed by a second injection of serum. 

In other experiments the pulmonary branches and the sine 
branches were similarly treated. These fibres were obtained by remov- 
ing the upper half of the sternum and the anterior portions of the 
upper three or four ribs. The fibres were then isolated and the 
experiment completed as above. 

In another set of experiments the left vagus was cut in the neck 
and then the various branches of the right vagus were isolated and 
the action of serum tested before and after their section. Both methods 
yielded similar results, which were as follows : : 

(i) Section of the vagi on the cesophagus below the root of the 
lung does not in any way modify the result. In a few instances the 
effect has not been so well marked as in the control injection, but 
this is due to a cause explained later (see pp. 56 et seq.). Hence we 


can conclude that the afferent fibres, stimulation of which produces. 


the reaction, are not contained in any of the vagal branches below 
the pulmonary. 

(ii) Section of all the cardiac branches of both vagi only produces 
a modification of the reaction due to the absence of the reflex cardiac 
effect (Fig. 4). The result obtained here is directly comparable to that 
seen in an atropinised animal (Fig. 12). There is still in both cases a 
marked fall in pressure. As artificial respiration had to be employed 
in the experiments when the nerves were divided it was very difficult 
to determine any alterations in the respiratory rhythm. This diffi- 
culty was overcome in the following manner. When everything was 
ready for the serum injection the amount of artificial respiration was 
gradually decreased until the animal made voluntary respiratory move- 


ments and the serum was then injected. The movements at once ceased. 
The cardiac branches were next cut and serum a second time injected 
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under similar conditions. Again the respiratory movements ceased. 
Hence it follows that the cardiac fibres of the vagus do not contain any 


i Fig. 4. Cat. Thorax opened. Blood-pressure tracing. The zero-abscissa line raised 
7 30mm. The cardiac branches have been previously divided in the thorax. At the 
time signalled 3°5 c.c. horse-seram was injected. 


Fig. 5. Cat. Thorax opened. Blood-pressure tracing. The zero-abscissa line has been 
raised 40mm. The pulmonary branches of the vagi previously divided where they 
enter the root of the lung. Result of injecting 10¢.c. horse-serum. Time record 
= seconds. 

afferent fibres, stimulation of which by serum can cause the arrest of 

- respiration or depression of the vaso-motor centre. Moreover, from the 
‘results recorded in the next paragraph it is certain that the reflex arrest 
of the heart is not due to excitation of any afferent fibres in the cardiac 
branches of the vagus. In all cases care was taken that all the cardiac 
branches were cut. This was tested by stimulating the two vagi in the 
neck after the division of the branches in question and observing that 

no inhibition resulted. 
(iii) Section of the pulmonary branches completely cuts out the 
reaction (Fig. 5). The behaviour of the blood-pressure curve is exactly 

the same as after the division of the vagi in the neck. (Compare Fig. 5 


4 
| 
| 
« 
| 
ik 
‘a 
4 
re 
on 
sa 4 
; 
4 
‘ 
on 4 
% 
7 
a ‘ 
a 
> 
= 
4 
ald 
\ 
> 
i 
j 
af 
e 


56 ee T. G. BRODIE. 


with Fig. 2.) A subsequent injection after the vagi have si divided 
in the neck shows no further modification. The action on the respiratory 
rhythm was tested as described under (ii) p. 54, and the respiratory 
reflex also found to be abolished. 

Hence it is the pulmonary afferent fibres stimulation of which by 
serum produces in the cat reflex arrest of the heart and respiration. 

This result is of further interest when taken in conjunction with the 
results obtained by Russell and myself! upon reflex cardiac inhibition. 

During the course of the experiments in which the thorax was 
opened it frequently happened that the reaction to a serum injection 
failed. This often occurred even with animals in which a typical 
reaction had been obtained before the major part of the operation had 
been commenced, thus proving that it was not due to any idiosyncrasy 
on the part of the animal. I at first thought it might be due to 
the production of some degree of immunity due to the absorption of 
some of the serum from the blood escaping during the operation. 
Great care was therefore taken to prevent all bleeding during the 
operation but still the same results were obtained. For a long time 
this proved a great hindrance to the completion of the experiments and 
the cause and the way in which it was to be avoided was only discovered 
when the work was nearly completed. After I had found that the 
whole reaction was due to the excitation of the pulmonary nerves and 
after Russell and I had shown how readily cardiac inhibition could be 
produced by electrical stimulation of these same branches it struck me 
that the failures just mentioned might be due to the artificial inflation 
of the lungs. I argued that the forcible inflation might be exciting 
these fibres so much that they became insensitive to the serum injection. 
In favour of this idea, we know that if in an animal, with the thorax 
intact, artificial respiration is established the animal soon ceases to 
make voluntary respiratory efforts unless the degree of inflation is 
slight. In my experiments the force of the air-pump used for the lung 
inflation was kept low and the lungs only distended so far as to nearly 
fill the thorax. Still the repeated distension of the lungs might be 
producing so much mechanical excitation of the pulmonary fibres that 
they became insensitive to the serum. On the other hand the pul- 
monary fibres might be carrying up such strong impulses to the bulbar 
centres that the impulses started by the serum could produce no effect. 
_ For the purpose of testing these views the following — were 


a See this Journal, infra. 
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The chest was opened as if fur an operation upon the cardiac nerves, 


artificial respiration being carried out. Then, while the blood-pressure 


was being recorded the extent of inflation of the lung was considerably 
decreased. When this had been carried out for seme time and the 
rate of heart-beat had become steady the amount of air pumped in at 
each distension of the lung was suddenly increased. This caused 
considerable inhibition. The amount of air was next decreased, when 


_ the rate of beat gradually quickened. Complete and sudden cessation 


of artificial respiration caused as a primary result acceleration of the 
heart. These results upon the heart at once showed that its rate could 
be materially modified by impulses started from the pulmonary fibres of 
the vagus. Hence as both respiratory and cardiac rhythm can be 
modified by the same excitation of the pulmonary nerves, it seemed 
likely that that excitation would materially modify the action of serum 
when injected, since as we have just seen it acts upon the same nerve 
terminals. The following experiments were therefore tried. In the 
first the animal was prepared as for an ordinary injection and a 
cannula tied in the trachea. A dose of serum was now injected to show 
that the animal gave a typical reaction. The tracheal cannula was now 
connected to the respiration pump and, the thorax still being intact, 


Fig. 6. Cat. Thorax intact. Upper tracing, respiration. Lower =carotid blood-pressure. 
Zero-abscissa line raised 40mm. The thorax is being artificially inflated up to the 
first signal. 
Time record=seconds. 
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artificial respiration was started, using a degree. of distension a little 


greater than normal. The animal’s respiratory movements soon ceased 


and the heart beat somewhat slower. After a time the artificial 
respiration was stopped and, during the period of apnoea which followed, 
a dose of serum injected. It was found to give only a slight fall in 
blood-pressure and no inhibition of the heart. The effect upon respira- 


tion was to produce inspiratory tetanus (Fig. 6). In another experiment 


the mechanical excitation of the pulmonary fibres was brought about 
by partially blocking the tracheal cannula, so as to cause marked 


dyspnea. The reaction was markedly altered (Fig. 7). Respiration 


was a little slowed, the rate of the heart was not altered, and there was 
only a moderate fall in blood-pressure. — 


Fig. 7. Cat. Thorax intact. Respiration and blood-pressure. Zero-abscissa line has 
been raised 86mm. Cannula tied in trachea. This is partially blocked during the 
_ record. At the time signalled 4¢,c. horse-serum was injected. 


Similar experiments were also performed upon an animal in which 
the thorax was opened by the removal of the first rib on vither side. 
A dose of serum injected while artificial respiration was being continued 
produced only a slight fall in blood-pressure and no slowing of the heart 
(Fig. 8). In the next place the artificial respiration was diminished in 
extent until spontaneous respiratory movements appeared. The artificial 
respiration was then completely stopped, and 30 seconds later serum 
injected (Fig. 9). The effect produced was a good fall in blood-pressure 
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and marked slowing of the heart. The effect on respiration was first 
to accelerate and shorten expiration, and then to produce a tendency 


Fig. 8. Cat. Thorax opened at upper end. Respiration and blood-pressure. Zero- 
abscissa line has been raised 50mm. The force of inflation of the lungs was only 
slight and carried out so as to cause the lungs to nearly fill the thorax with each 
inflation. At the time signalled 5c.c. horse-serum was injected. 


towards expiratory standstill. Artificial respiration then had to be 
restarted when gradual recovery took place. | 
These experiments also explained the result which I had usually 
obtained upon curarised animals. Here again a similar result is pro- 
duced if the serum be injected while the artificial inflation of the lungs 


is continued. There is only a fall in blood-pressure, but no effect upon 


the rate of beat of the heart. If on the other hand the respiration is 
stopped, and serum injected early in the course of the asphyxia which 
follows, a quite typical reaction upon the heart is recorded. 


Il. THE ACTION OF SERUM UPON THE VASO-MOTOR SYSTEM. 


In addition to the effect the afferent vagal impulses produce upon 
the cardiac and respiratory centres, they also act upon the vaso-motor 
centre inhibiting its tonic action. A serum injection also acts upon the 
blood vessels apart from this action through the bulbar vaso-motor 
centre, as is seen for instance in the tracings obtained after both vagi 
have been divided in the neck. 

That there is a reflex action upon the blood vessels through the 
bulbar vaso-motor centre follows from a study of the following points. 
In the first place the. great fall in blood-pressure produced by an 
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Fig. 9. Cat. Same animal as in Fig. 8. The artificial respiration was stopped 20 secs. 
before the commencement of the tracing and the animal was making respiratory 
efforts as indicated by the upper record which gives the abdominal movements. The 
thorax open. At the first signal 5¢.c. horse-serum was injected. At the second 
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injection cannot always be explained by the amount of cardiac inhibition 
produced. In some animals only slight, and in others no slowing of the 
heart occurs (Fig. 10), although the blood-pressure falls considerably, 


Fig. 10. Cat. Blood-pressure. Injection of 10¢;c, horse-serum. 


Time tracing 


a result which is commonly seen in animals into which several injections 
of serum have been previously made. In the next place a marked fall 
in pressure follows an injection made after all the cardiac branches 
of both vagi have been divided, thus eliminating the effect due to 
inhibition (Fig. 4). | 

Again, in animals in which inhibition has been prevented by a 
preliminary injection of a small dose of atropine, serum still produces 
a marked fall in pressure (Fig. 12). The fall in pressure in these two 
instances might be due to a direct action of the serum upon the heart 
muscle. This influence is however practically negligeable, for oncometric 
records of the heart-beat show but very slight changes following an 
injection. Moreover, in either of the two cases just mentioned, in which 
cardiac inhibition is avoided, if the vagi be divided im the neck, a 
serum injection now produces a much smaller fall in pressure than that 
occurring before the division of the nerves, 

I have also studied the action upon the blood vessels directly by 
means of the plethysmographic method. The intestinal plethysmograph 
shows a dilatation occurring with the fall in blood-pressure (Fig. 11). The 
fall of pressure, some of which is of cardiac origin, would in itself cause 
a diminution in volume of the intestine, but the dilatation of the vessels 
is sufficient to more than counterbalance the effect due to the heart. 
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After the heart has regained its initial rate, the intestinal vessels still 
show a very decided dilatation. Plethysmographic records of the heart 
prove that at this stage the output of the heart is quite at its original 
value. In a few experiments I have found that the intestinal tracings 
record no alteration in volume, 7.e. the volume decrease due to the fall 
in pressure is exactly counterbalanced by the increase due to vaso- 
dilatation. 

If the record be taken upon an atropinised animal, the action on 
the blood vessels stands out still more clearly. Thus Fig. 11 shows 
a very marked dilatation of the intestinal vessels which commences a 
little earlier than the fall in blood-pressure, This tracing is of further 
interest, for it records an effect upon respiration which is to be 
frequently observed in atropinised animals. Instead of the respiration 
becoming arrested, it is quickened and becomes a little shallower. To 
obtain arrest a much larger dose of serum must be injected. 

That most of the vaso-dilatation is due to an action upon the vaso- 
motor centre follows from the record of the effect produced by a- larger 
dose of serum after both vagi had been divided in the neck. 


Fig. 12. Same animal as in Fig. 11, but 1-5 c.c. of a 0-5), solution of atropine 

has now been injected. At the signal 5c.c. of dog’s-serum was injected. 

Most of ‘the effect. upon the intestine is in this way abolished, but 
there is still some fall in blood-pressure. The fall in pressure rarely 
exceeds that seen in Fig. 2, p. 52, and the — upon the intestinal 
Bi is in proportion. 
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From plethysmographic records, taken after division of the vagi in 
the neck, one can also show that the fall in pressure which now occurs 
is almost entirely due to vaso-dilatation. This is the case in atropinised — 
animals as well as in those which have not received a dose of the drug. 
I have been able to exclude the possibility of the effect being due to 
a direct action of the serum upon the heart by recording the volume 
changes of the heart during an injection. The volume remains nearly 
unaltered, only a slight diminution in output per beat, and no alteration 
in rate taking place. 

As to how the serum acts when both vagi are divided, I have not 
been able to decide. It is not a direct action of the serum upon the 


- vaso-motor centre in the medulla, for an injection into the carotid does 


not increase the effect, it only delays its onset. 

In studying the behaviour of the vaso-motor system after an 
injection of serum, other organs, e.g. the limbs, the lung, the testis, 
have been examined plethysmographically but they all, with one 
exception, only confirm the results that have been described above, 
This exception is the kidney, which behaves in a totally different way. 
Instead of dilating as a result of serum injection the kidney diminishes 
in volume. This decrease in volume is due to an active constriction of 
the kidney vessels, for if the tracings are examined it is seen that the 
waves due to the heart-beat are considerably diminished in extent and 
in most cases completely obliterated. Moreover, as a rule, the decrease 
in volume does not correspond to the variation in blood-pressure, for the 
constriction usually persists much longer than the fall in pressure, in 
some instances it continues to increase more than a minute after the — 
blood-pressure has quite recovered. This prolonged constriction is 
followed by a slow relaxation which may extend beyond that recorded 
before the injection was made. If the kidney is watched during these 
changes the constriction of its vessels is easily followed, for marked 
pallor is produced. The result of an injection into an atropinised 
animal also shows this change well (Fig. 13). From this tracing it will 
be seen that the volume changes do not coincide with the fall and rise 
of blood-pressure though in this particular instance this is not so 
marked as is frequently the case. The heart-beats on the kidney 
tracing are also seen to greatly diminish with the decrease in volume. 
Later in the same experiment an injection, after both vagi had 
been cut in the neck, caused only a slight fall in blood-pressure and 
the kidney volume scarcely changed. The result is not always so 
marked but all lead to the conclusion that the constriction of the 
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kidney is a reflex and is due to an excitation of the vaso-motor centre 
in the medulla. 


Fig. 18. Cat. Respiration. Volume changes of R. kidney. Blood-pressure. The animal 
has been previously injected with 2-0 c.c. of a 0°5°/, solution of atropine. Injection 
of 5c.c. horse-serum. 


| That the kidney vessels should behave in the opposite sense to the 

intestinal vessels is a fact of considerable importance. It has been 
_ observed among others by Halliburton and Mott! for cholin and 
neurin and by Dixon? for spermine, though it was not shown to be due 
to an action on the medullary centre. The result I have obtained 
modifies the general conclusion drawn by Porter and Beyer’ as to the 
action of the bulbar vaso-motor centre. They consider that all afferent 
impulses which act upon the bulbar vaso-motor cells influence them all 
alike and that this centre therefore plays no part in the distribution of 
the blood to the several organs and regions of the body. My experi- 


ments indicate that this is not always true and that the kidney may 


_ prove an exception. Further experiments upon this point are now in 
progress, 


Ill. EFFECT OF REPEATED INJECTIONS. PRODUCTION OF A 
CONDITION OF IMMUNITY. 


Early in the course of these experiments I found that, if several 
injections were made into the same animal, the later injections pro- 
duced a much less marked effect than the first. The more frequent 
Phil. Trans. B. oxci. p. 211. 1899. 


® This Journal, xxv. p. 356. 1900, 
* Amer, Journal of Physiol. 1v. p. 283. 1900. 
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the injections the more pronounced was this result. The reaction 
which first disappeared was’ nearly always that upon the respiration. 
Either the respiration was only slowed and diminished in depth, or in 
other cases no effect was produced. Later the effect upon the heart 
became modified, the inhibition being less marked and lasting a shorter — 
time, until in still later injections no action upon the heart could be 
distinguished. Even in these cases however some of the effect upon 
the vaso-motor centre was still observable, though this too was of 
smaller extent. 

The tracings (Fig. 14 a—e) show the result upon blood-pressure 
of a series of five successive injections. These were made at short 
intervals and it is seen from the tracings that the reaction gradually 
disappears, There was then an interval of 40 minutes, at the end of 
which an injection produced the result: seen in Fig. 14f/ Thus, during 
this period of rest the animal had to a considerable extent regained its 
first condition as to this reaction, but it is seen from the next tracing 
(Fig. 149) in which a further injection of serum was made two minutes 
later that it very soon returns to its non-reactive state. 

Injection of serum therefore sets up a condition of immunity. This 
immune stage lasts for some time and is followed by a second in which 
a single injection at once causes a return to the immune condition. 
The length of this second period extends, so far as my present obser- 


vations have shown, at least two hours. I have not been able to observe 
_ any alterations in the blood during this period either with respect to its 


rate of coagulation, or in its corpuscles. The condition of immunity is 
apparently due to an alteration in excitability of the pulmonary nerve 
endings. 

As previously mentioned there are several other bodies, chiefly of a 
proteid nature, which produce the same result as serum when injected 
into the veins of a cat, and I have similarly found that they also are 
able to produce an analogous immune condition. Further, I have found 
that if immunity be produced by one substance, that animal also gives, 
as a rule, no reaction to the other substances which act similarly. 

The other two animals I have tested, viz. the dog and the rabbit, are 
naturally immune. The reaction given by a dog for instance very 
closely resembles that obtained in the cat when both vagi have been 
divided in the neck (Fig. 2). An injection of serum into a dog causes 
a slight rise of blood-pressure lasting about 10 seconds and followed by 
a more marked but still slight fall which lasts about 25 seconds’. There 


The variations are exactly like those reproduced in Fig. 5. 
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is no alteration in the rate of heart-beat nor in the respiration unless 
very large doses are injected. Section of both = in the neck in no 
way modifies this reaction. 


IV. WHICH CONSTITUENT OF SERUM IS IT WHICH PRODUCES 
THE REACTION ? 


The second series of experiments in connection with this investigation 
were devised with the object of ascertaining whether there was only 
one constituent in serum which was the active body, and if so what that 
constituent was. 

In attempting to determine this the following points were proved: 

(a) The active substance is a proteid. It was found that, if serum 
was boiled and the resulting coagulum filtered off, the filtrate gave no 
reaction. It was thought that possibly the active substance was the 


_ nucleo-proteid of serum. To test this, serum was diluted five-fold and 


weak acetic acid added. The resulting precipitate of nucleo-proteid 
and globulin was collected, dissolved in a small bulk of 1 °/, sodium 
chloride, and the solution injected. It was found to be quite inactive, 
while the filtrate from the original precipitate was as active as before 
precipitation. 

ascertained by half-saturating serum with ammonium sulphate and 
filtering oif the precipitated globulin, which was then dissolved and 
again precipitated. This second precipitate was collected, dissolved and 
injected with negative result. In a control experiment, the injection of 
ammonium sulphate of corresponding strength was proved to produce 
no result. Some of the filtrate from the globulin precipitate was 
diluted, in order to lower the percentage amount of ammonium 
sulphate, and then injected. It gave the usual reaction, The rest 
of the filtrate was therefore saturated with ammonium sulphate and 
the precipitated albumins collected, and dissolved. This solution was 
found to be active, whereas the filtrate was quite inactive. _ 

The active substance is therefore to be found among the albumins. 
A further difficulty was however met with here. For the purification 
of the albumins, solution and precipitation was repeated four times. 
The final solution was found to be nearly inactive. The filtrates — 
obtained in the process of purification were therefore dialysed but were 
found to be quite inactive. Dialysed serum is however just as active as 
the original serum. The addition of salts to the purified albumin 
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solution produced no effect on the general result. Hence it seems that 

the active material is some more complex combination of the albumin, 

and that it is broken down by repeated precipitation with ammonium 
: (ce) The active substance is coagulated at a temperature of 78°C. 
a In order to determine the temperature at which the active substance is 
| destroyed, serum was diluted with an equal volume of water, rendered 

just acid with acetic acid and heated. It was kept at. a definite 
: temperature two minutes, filtered if necessary and injected. These 
4 filtrates were always active until those were reached which had been 
q heated to or above 78°C. 

A further experiment of this class was carried out for the following 
reason. As previously mentioned (p. 49) Friedenthal and Lewan- 
dowsky found that if serum be heated for an hour to 58° C.—60°C. it 
loses its toxic properties. In order to test whether the substance pro- 
ducing the reaction described in this paper is the same as that which 


Fig. 15. Cat under urethane. Respiration and blood-pressure. The prolonged inspira- 
tion seen at the beginning of the record is due to the urethane. At the signal 4c.c. 
of cat’s-serum, which had been previously heated to 59°C. for one hour, was injected. 

kills an animal when subcutaneously injected I treated serum in the 

manner they describe and then injected it. A typical reaction was 


however produced (Fig. 15), so that the two substances are apparently 
different. 
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(d) The active substance is produced during the process of clotting. 
Having found that serum from any animal, including the cat, was 
active I determined to try whether whipped blood taken from the 
same animal would also prove active. The animal being therefore 
prepared in the usual way, a sample of blood was collected from the © 
carotid. This was whipped and immediately injected. It gave a 
perfectly typical reaction (Fig. 3). The time elapsing between the 
collection of the blood and its injection into the vein never exceeded 
two minutes. Having obtained this rather surprising result I then 
prepared the opposite carotid, tied in a cannula and connected it to the 
cannula in the jugular vein. The blood from the artery was then 
allowed to flow directly into the vein with completely negative results. 
Hence it follows that the active substance is only produced during the 
process of clotting. This fact was further corroborated by many other 
experiments as will be presently described. The result suggested that 
the active substance might be the proteid split off from fibrinogen 
during fibrin formation. The one body at present known is Hammarsten’s 
fibrino-globulin. This however is a body of the globulin class, clotting 
at 64° C. and therefore disagreeing markedly with the properties 
previously found for the active substance. 

(e) The corpuscles take an active part in the formation of the active 
substance. After finding that the active substance was only produced » 
on-the clotting of blood, I thought that further attempts to isolate it 
would be simplified by working upon plasma. I therefore prepared 
samples of magnesium sulphate plasma, sodium sulphate plasma and 
sodium citrate plasma. All these proved to be imactive. It was 
surprising however to find that the serum prepared from these plasmas 
was, in nearly all instances, also active. 

Samples of the plasma were therefore taken and in the case of the 
salted plasma one sample was simply diluted and allowed to clot, a 
second was diluted, some of the corpuscles added and: then this also 
allowed to clot. In the case of the citrated plasma one sample was 
treated with calcium phosphate and brought to body temperature, a 
second sample being mixed with some of the corpuscles, and then, by 
similar treatment, made to clot. In the majority of such experiments 
it was now found that the serum from the pure plasma was inactive, 
whereas the serum from the plasma admixed with corpuscles was as a 
rule active. In a few experiments when adding the corpuscles those 
were chosen which formed the upper layer of the sediment of corpuscles 
and contrasted with a similar sample taken from the lowest layers. 
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I was not however able to make out any difference in the behaviour of . 
the serum obtained, although microscopic examination proved that the 
upper layers were much richer in white corpuscles and in blood-platelets. 
Although from the many experiments of this kind that I have made, 
I feel sure that the statements just given are in the main correct, yet 
I have met with several exceptions which have proved very puzzling. 
Thus at times a serum prepared from the plasma above has proved 
active, and on the other hand a serum formed from a plasma mixed with 
corpuscles has on a few occasions proved inactive. I have never found 
a serum or a defibrinated blood obtained in the ordinary way which has 
proved inactive. I have also tested hydrocele fluid. The sample I 
obtained had clotted before I received it. The clot was quite colourless, 
there was no sign of any admixture with blood, yet the serum when 
injected proved typically active. Unfortunately neither the clot nor 
the serum was examined for white-corpuscles and platelets. 

In regard to these latter points the experiments are incomplete and 
though I contemplate continuing them in this direction, other work 
prevents their renewal now, and I have therefore thought it best to 
publish the results as they at present stand. 


CONCLUSIONS. 


1. Intravenous injection of blood-serum from any source into a cat 
causes arrest of respiration, inhibition of the heart and vaso-dilatation. 
The effects persist for some time. 

2. These effects are reflex, and are almost entirely absent if the 
vagi be previously divided in the neck. 

3. The effect is due to excitation of the pulmonary nerves. It is 
cnt out by division of the pulmonary branches of the vagus, not by 
division of the cardiac or lower branches. oe 

4. Repetition of the injection leads to the production of an 
immune state. 

5. The active substance in the serum is a protwid. It is of the 
albumin class and is coagulated on being heated to 86°C. 

6. The active substance is only produced when the blood clots. 

7. The interaction of the blood corpuscles is a necessary condition 
for its formation. Serum obtained from plasma is inactive. 


[Part of the expense of this research has been defrayed by a Grant 
from the Government Grant Committee of the Royal Society. ] 
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THE INFLUENCE IN VOLUNTARY MUSCLE OF THE 
INTRA-POLAR LENGTH ON THE EXCITATORY 
EFFECT OF THE CONSTANT CURRENT. By W. 
PAGE MAY, M.D., BSc., M_R.C.P., Fellow of Unwersity College 
London. (One Figure in Text.) 


(From the Physiological Laboratory of Univereity College.) 


THE following research was carried out from suggestions made to me by 
Professor Starling. I am also much indebted to Mr W. M. Bayliss 


for his helpful advice and criticism. | 


It has long been known' that the excitation of the make and break 
of a constant current passed through a nerve varies directly with the 
length of nerve between the two electrodes, provided that means be 
taken to ensure that the amount of current flowing through the nerve 
is not altered by the varying resistance of the different lengths. 

I have been unable to find any statement as to the effect of intra- 
polar Jength in the case of muscle. If excitation, as is generally 
assumed; be a purely polar phenomenon, we should not expect a 
variation in intra-polar length to make any difference in the excitatory 
effects of a constant current on muscle, and we might assume that the 
observed effects in nerve are due to the electrotonic spread of current 
along the nerve with the consequent extension of the polar phenomena. 
To clear up this point was the object of the present research. 

Methods. In all these experiments it is necessary to adopt some 
means of counteracting the influence of alterations in intra-polar length 
on the strength of the current, and my first idea was to make use of 
the ingenious method devised by Gotch®* for the demonstration of the 
effect. of variations of the intra-polar length in nerve. 

The sartorius muscle is obviously the only one adapted for the 
purpose, since it consists of parallel fibres running from one end of the 


1 An account of the various investigations on this point is given in Hermann’s 
Handbuch, u. 1. p. 77. 5 
2 See Schifer’s Textbook, 11. p. 495, Fig. 260. 1900. 
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muscle to the other and has no tendinous intersection. I soon found, 


however, that the greater bulk of the sartorius muscle as compared 
with nerve made it extremely difficult to arrange two muscles on three 
electrodes as is done in his method. I therefore adopted the well- 
known device of inserting in the nerve circuit a high resistance, so as to 
make any changes in the resistance of the muscle traversed by the 
current very small in comparison with the whole Tesistance. The 
experiments were, therefore, carried out as follows: 

In all cases curarised sartorius muscles of a German ‘es 
were used, These were generally dissected out the day before the 


_ experiment, and left overnight in ice-cold tap saline in order to obviate 


slight local differences of excitability occasioned by accidental injury. 
A few hours before the experiment 2 drops of 2 per cent. curare were 
added to the normal saline in which the muscles were immersed. Ina 
few cases the frogs were curarised before the muscle was dissected out, 
and the muscles were left in a moist chamber for 2 or 3 hours before 
the experiment. A muscle was then fixed in a moist chamber by pins 
through the tibia and symphysis pubis and connected by thick strands 
of thread moistened with clay and normal saline with three non- 
polarisable electrodes (Sanderson’s pattern). 1 found that it was 
important to place the two end electrodes as far from the two ends of 
the muscle as possible, since there is nearly always a considerable 


' diminution of irritability at the two ends. 


In all cases the contraction of the muscle was determined by direct 
observation of the reflection from its moist surface of the light from a 
window, and the position of the rider in the rheocord was determined at 
which the slightest observable twitch of a fibre could be seen. The 
connections are given in the accompanying diagram. 

The source of current was a battery of three storage cells. The 
rheocord had a length of 250 cm. and the strength of current is given in 
centimetres, The resistance interposed in the nerve circuit consisted 
of two zinc wires immersed in a bent tube containing solution of 


zine sulphate. In the earlier experiments the zinc sulphate solution 


contained 1 per cent. of the salt, and had a resistance of 120,000 ohms ; 
later on, finding that in many cases the current obtained through this 
resistance was insufficient to excite the muscle, a 5 per cent. solution of 
zinc sulphate was used to fill the tube. The resistance of this was 
27,000 ohms.. 

The resistances were determined by the Wheatstone bridge method, 
using a storage cell as source of current, and a d’Arsonval galvanometer. 
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This method, though not so accurate for electrolytes as Kohlrausch’s 
method, was sufficiently so for my purpose. 


Muscle 


Bones) Bone 


— 


Key 


Rheocord 


In carrying out these experiments it is important that the excita- 
tion should always occur at the same spot, whatever be the intra-polar 
length of muscle. Thus the effect of an ascending current through 
the whole muscle can only be compared with the effect of an ascending 
current through the upper half of the muscle, and.in the same way 
a descending current through the whole muscle must be compared 
with a descending current through the lower half of the muscle. 


Results. Before proceeding to describe the result of the experiments 


on excitability, it is necessary to have some idea of the possible 
variations in resistance of the muscle circuit which may occur under 


the conditions of the experiments. The various resistances of one 


experiment are given in the following table: 
Tube resistance = 27,000 Ohms. 


Resistance of whole muscle and electrodes = 27,000 __,, 
” upper half ” ” ” : = 20,000 te 
M4 lower half ” ” ” = 20,600 ” 
2 left-hand electrodes = 18,900 _ ,, 
ie lower half muscle and 2 electrodes = 19,000 _,, 
whole muscle = 28,000 
»  wpper half muscle _,, = 19,000 ,, 


re 2 extreme electrodes = 22,000 
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In this experiment the resistance of the whole circuit including 
the whole muscle was 54,000 ohms. When only half the muscle 
was included, the resistance was diminished to between 47,000 and 
48,000 ohms. The greater part of this difference, however, was due to 
an accidental smaller resistance of the middle electrode, the change 
in length of the muscle not occasioning a difference of more than 
2000 ohms. This smaller resistance of the middle electrode was pro- 
bably common throughout the experiments on account of the greater 
length of thread necessary to bring the two end electrodes in contact 
with the muscle near its centre. % 

In all the experiments carried out with this resistance, we may 
assume that with a constant position of the rider, a greater current 
flowed through half the muscle than through the whole muscle, but 
that the difference did not exceed about 11 per cent. If the apparent 
amount of current (as judged from the position of the rider on the 
rheochord) necessary to excite contraction in the whole muscle be not 
more than 10—12 per cent. greater than that necessary to excite a half 
of the muscle, we are justified in concluding that the excitability in - 
the two cases is the same; and that the exciting effect of a corlstant 
current in muscle is not altered by variations in intra-polar length. 
This is, indeed, the result given by the following experiments. 

I give here two days’ observations in full, and below this a summary 
of 5 days’ observations carried out in the same way. | 


A. Rheostat = 120,000 Ohms. 


cm. 
Upper half 215 
Whole muscle 223 
Upper half 222 
Whole muscle 208 
Upper half 215 
Whole muscle 206 
Upper half 203 


Mean 218 213°7 
Difference 4:3 on 213°7 = 2°01 per cent. 
(Moistened same muscle. Observation easier.) 
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| 
Ascending current. Upper half 199 
Whole muscle 196 
Upper half 
Whole musele 199 
Upper half 200 
Whole muscle 199 


Strengths of current necessary to excite whole or half muscle practically 
identical. 


B. Frog’s muscle curarised 4 hours, excised on previous day. 


Rheostat = 27,000 Ohms. 
em. 
Ascending current. Whole muscle 181 

Whole muscle 167 
; Upper half 159 

Whole muscle 163 
Upper half 156 


Mean 1704 161 
Difference 94 on 161 = 5'8 per cent. 


cm. 
Descending current. Whole muscle 222 
‘Lower half 201 
Whole muscle 202 | 
Lower half | 188 
Whole muscle 197 
Lower half 186 
Whole muscle 193 
Lower half 182 
Whole muscle 193 
Lower half _ 180 
Whole muscle 186 
Lower half 176 
Mean 198°8 185-5 
_ Difference 13°3 on 185°5 = 7:16 per cent. 
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om. 
Ascending current. Whole muscle 129 
Upper half 115 
Whole muscle 125 
Upper half 119 
Whole muscle 127 
Upper half 122 


Mean 127. 118:7 
Difference 8:3 on 118:7 = 7 per cent. 


Note. It will be noticed in this experiment as in all others in this series, that there is 
a gradual slight rise of excitability in the course of the experiment. This cannot be 
explained by a gradual warming of the preparations, since Gotch has shown that 
excitability is increased by lowering of temperature. I observed a similar gradual increase 
of: excitability when dealing with the effect of exciting anterior or posterior roots of the 
spinal nerves. (Phil. Trans. Roy. Soc. 1897, and Proc. Roy. Soc. ux. p. 244.) It seems 
probable that in both cases one is dealing with phenomena analogous to the staircase 
phenomena, i.e. the improving effects in an irritable tissue of previous moderate activity. 


It will be seen that in all cases the whole muscle needed an 
apparently greater strength of current for its excitation, but this greater 
amount never exceeded 20 per cent., and in most cases varied between 
2 and 8 per cent., and, therefore, could be entirely accounted for by 
the differences in resistance between the half muscle circuit and the 
_ whole muscle circuit. In the last experiment which I shall quote, a_ 
determination of resistance was made immediately on the termination 
of the observations on the excitability. 


Resistance of upper half of muscle and electrodes & rheostat = 58,900 Ohms. 


‘ lower half of muscle & its electrodes & rheostat = 57,400 
ne whole muscle and its electrodes and rheostat = 59,600 


Bucitability. 


Upper half, ascending = 173 units. 
Whole muscle, ascending = 184 units, i.¢. a difference of 6 per cent. 
The difference between the resistance was 1:2 per cent. 


Descending current, Lower half muscle = 183 units. 


» Whole muscle 200 
» Lower half 
y» Whole muscle 189 


Mean difference = 6-3 per cent. 
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The difference between the resistance was 1500 ohms, te. about 
3 per cent. 

Having regard to the difficulty in detecting the minimal contraction 
of the muscle, the slight remaining difference in favour of the half 
muscle is well within the limits of experimental error. | 


Summary of experiments. Difference in percentage of total current 
in favour of shorter length of muscle. 


Experiments Direction Current Per cent. 
Obs. I. 2 _ ascending | 26 
2 ascending 
Obs. IT. 2 | descending 120 
6 descending 7 9-6 
8 ascending 2-01 
Obs. III. 6 ascending 5°8 
12 descending 7°16 
Obs. IV. 8 ascending 15°1 
4 descending 6-0 
6 ascending 
6 ascending 79 
6 descending 21 8 
Obs. V. 4 descending : 6°87 
54°71 82°78 


From the above experiments it is obvious that a constant current 
of sufficient strength to just excite a portion of curarised muscle is at 
least sufficiently strong to excite a shorter portion of the same muscle 
(difference from nerve): in other words the excitatory effect of the 
make of a constant current through voluntary muscle is conditioned — 
solely by the amount of current leaving the muscle at the kathode, and 
is not altered by increasing or diminishing the length of muscle fibre, 
which has to be traversed by the current. 
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OBSERVATIONS ON THE LYMPH FLOW FROM THE 
SUBMAXILLARY GLAND OF THE DOG. By F. A. 
BAINBRIDGE, BA. (Cantab.), BSc, MRCS, LRCP., 
Assistant Demonstrator in Physiology, St Bartholomew's — 
(Two Figures in Text.) 


CONTENTS. 


Results obtained. 1. Chorda stimulation. 2. Cervical sympathetic stimulation. 

8. Action of pilocarpin and atropin. ° 
Summary and Conclusions, 

History of previous work. Giannuzzi’' (1865) observed that the 
injection of a dilute solution of sodium carbonate, or of hydrochloric 
acid into the duct of the submaxillary gland prevented the secretory, 
but not the vascular effects produced by stimulating the chorda tympani, 
~ and that stimulation under these conditions gave rise to marked edema 
of the gland. He argued that the increased blood flow caused an 
increased formation of lymph, which accumulated in the gland tissue 
because the gland cells no longer carried it off in the saliva. 


Heidenhain? (1874) confirmed Giannuzzi’s observation, but 


pointed out that no cdema of the gland was caused by protracted 
stimulation of the chorda tympani after atropin had been given, and 
that therefore increase of blood-pressure was in itself insufficient to 
cause increased lymph formation. He further pointed out that if, 
after a dose of atropin, dilute acid or alkali were injected into the 
gland duct, the chorda tympani would on stimulation cause cedema. 
Heidenhain suggested that Giannuzzi’s result was rather due to 
diffusion than to an alteration in the capillary wall, but later* (1880) he 
gave the latter view only. 

Cohnheim (1877) when discussing Heidenhain’s experiments 
mentions that hydremic plethora acts quite independently of secretory 

1 Ber. a. k. Stich, Ges. d, Wiss. 1865. 


2 Arch. f. d. ges. Physiol. 1x. p. 846. 1874. 
3 Hermann’s Hdb, v. Th. 1, p. 78. 1880. 
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| nerves, for the injection of salt solution into a ‘vein leads to cedema 


of the submaxillary gland, even after atropin has been given. 

In a paper published in 1898, in which the general question of © 
lymph formation is discussed, Asher and Barbéra’ describe some 
experiments on the lymph flow from the submaxillary gland of the dog. 
They collected lymph from the main lymphatic vessel of the neck. 
After measuring the flow during a considerable period, they produced a 
flow of saliva from all the salivary glands by placing blotting-paper 
soaked in dilute vinegar upon the dog’s tongue. The vigorous flow of 
saliva produced, was accompanied by a greatly increased flow of lymph. — 

These observers conclude, partly as a result of their observations on 
the submaxillary gland, partly as the result of other experiments that, 
without glandular activity, there is no lymph imate whatever the 
blood-pressure may be. 


As an, example of the figures given by Asher and Barbéra, I quote the 
following : 


Medium sized dog. Morphia narcosis. Cannula in both lymph ducts. 


Total 
Time Flow per min. 
9—12 29 cc. 0°15 ec.c. Glands 
1—2 25 ,, 0:42 ,, soaked in 


vinegar placed on tongue. 
Active flow of saliva. 


The anatomy of the submawillary lymphatics. The lymphatics from. 
the submaxillary gland leave it at the hilus, and enter a large lymphatic 
gland, which lies along the carotid artery at its point of bifurcation into 
the external and internal carotid vessel, and is overlapped by the sterno- 
thyroid and sterno-mastoid muscles. These lymphatic vessels are 
variable in number and arrangement: usually they number three or 
four; some are superficial, and some are deep to the digastric muscle, 
and as a rule one of them runs with the submaxillary artery for some 
distance after leaving the hilus. The lymphatic gland also receives a 
number of lymphatics from the deep structures of the head and neck ; 
from its inferior border arises a large lymphatic vessel, which passes 
downwards along the neck to end on the leéft side in the thoracic duct, 


_ and on the right side in the internal jugular vein at its junction with 


the subclavian vein. In its course, this vessel, which I shall refer to as 
the ‘cervical lymphatic vessel,’ lies embedded in fatty connective tissue 


\ Zeitsch. f. Biol. p. 198. 1898. 
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in close relation to the common carotid artery, overlapped by the sterno- 
mastoid muscle, and receives tributaries near its termination. 

Experimental procedure. The experiments were in all cases per- 
formed on dogs. In each case, morphia was injected subcutaneously, 
the dog was anesthetised with chloroform, and anesthesia was maintained 
_ by the administration of the A.c.z. mixture after the performance of 
tracheotomy. The chorda tympani was exposed and dissected out, 
a cannula placed in Wharton’s duct, and the saliva collected was 
measured. The ‘cervical lymphatic vessel’ was then exposed low down 
in the neck, and a cannula placed in it; this cannula was connected to 
a graduated tube along which the lymph flowed at a pressure never 
_ exceeding half an inch of lymph, and usually at zero pressure, and the 
amount of lymph was measured in each case. 

The lymph flow was found to be exceedingly scanty unless the neck 
was massaged ; this therefore was done at intervals of three minutes, and 
observations of the rate of lymph flow were also recorded every three 
minutes. The drawbacks attaching to the method are largely overcome 
by taking the lymph flow during a considerable period and calculating 
_ from this the average flow per minute, and by adopting a uniform method 
and degree of massage. If too much lymph is forced into the cannula 
during one period of three minutes, and too little during the following 
period of three minutes, the error is lessened since the mean flow during 
these two periods is taken. In the same way, a mean is taken of the 
rate of lymph flow resulting from a series of stimulations of the chorda 
tympani. 

Similarly when pilocarpin is injected, or the cervical sympathetic 
nerve (isolated from the vagus) is stimulated, the average is taken of the 
lymph flow during a series of stimuli. When atropin is used, ten or 
fifteen milligrammes of the sulphate are injected into a femoral vein. 

It should be noticed that stimulation of the chorda tympani affects 
only the submaxillary and the sublingual gland; the flow from the 
other structures of the neck whose lymphatics enter the cervical 
lymphatic gland, may be regarded as fairly constant, and the increased 
lymph flow produced by chorda stimulation may reasonably be assumed 
to come practically from the submaxillary gland. 


RESULTS OBTAINED. 


_ When the submaxillary gland is resting, the lymph flow from the 
cervical lymphatic is extremely scanty, and does not as a rule amount 
PH. XXVI. 6 
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to more than ‘05 c.c. per minute; this it will be remembered is during 
massage. The actual flow per minute varies considerably in different 
- experiments, the differences being chiefly dependent upon the size of 
the dog, and apparently to a slight extent upon the kind of dog. It 
appeared that rough-haired terriers yielded the largest quantity of 
lymph; no particular stress can be laid on this fact except in so far as 
it indicates that the lymphatics vary greatly in capacity in different 
animals. 

Chorda stimulation. Stimulation of the chorda tympani causes a 
prompt and marked increase in the flow of lymph from the cervical 
lymphatic. There appears to be some latent period, but the method 
employed is not sufficiently delicate to show this definitely. : 

The actual increase in the lymph flow produced by stimulation of 
the chorda varies considerably in different experiments, the variations — 
being mainly dependent on the differences in the strength of current 
used in different cases. In four experiments the flow of lymph during 
the period of chorda stimulation was 2} times as great as that occurring — 
when the submaxillary gland was resting. And in some of the earlier 
experiments where stronger currents were used, and a greater flow of 
saliva was produced, the lymph flow during chorda stimulation was ten 
times as great as that obtained from a quiescent submaxillary gland. 

_ The rate of the lymph flow sinks to its original value almost as soon 
as the stimulation of the chorda ceases. Occasionally, the flow of 
lymph during the three minutes immediately succeeding a stimulation 
is rather greater than the average flow during rest. And when this 
occurs, it is usually found that the secretion of saliva has persisted for 
some minutes after the chorda stimulation has been stopped. 

A relation exists between the amount of saliva secreted as the result 
of chorda stimulation, and the increased lymph flow occurring at the 
same time; but the relation is not sufficiently exact to be expressed by 
figures. 

In one or two experiments, the secretion of 1 c.c. of saliva corre- 
sponded to an increase of #,c¢.c. in the lymph flow; in most cases, the 
increase in the lymph flow was smaller than this. Great differences 
were found in different experiments between the actual amount of 
saliva secreted per minute, and the increased flow of lymph per minute 
occurring at the same time as the result of chorda stimulation. It is: 
impossible therefore to say more than that a profuse flow of saliva is 
accompanied by a greatly increased flow of lymph, and that a scanty 
flow of saliva corresponds to only a moderate increase in the lymph flow. 
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The following figures illustrate in tabular form the results described 


above : 
Increase per min. Gland resting Gland active (chorda stimulation) 
Lymph Lymph Saliva 
047 cc. 105 c.c, 
II. 01 03 
ITT. ‘018 043 
IV. ‘019 ‘05 6 
037 063 not measured 


VI. ‘011 ‘042 


To illustrate the ratio between the flow of saliva and the flow of lymph. 


Time Lymph Saliva 

3 mins. "116 ae. 4°0 c.c. 
3°4 
088 
053 15 
041 1-1 


Obstruction of Wharton's duct. When the flow of saliva from 
Wharton’ s duct is obstructed by clamping the tube along which the 
saliva passes to be collected, and the chorda is subsequently stimulated, 
very unexpected results are obtained. Under these circumstances, 
Wharton’s duct becomes enormously distended with saliva, and in some 
cases it leaks slightly; at the same time the submaxillary gland swells 
up a good deal. The lymph flow from the gland is greater than that 
normally occurring when the gland is resting, but smaller than that 
obtained by chorda stimulation when the saliva flows freely. Further 
it is found that after removal of the clamp, subsequent chorda stimula- 
tion leads to a comparatively scanty flow of saliva; and corresponding 
to this the flow of lymph produced by chorda stimulation after removal 
of the clamp is also much smaller than that occurring before the duct is 
clamped. It ought however to be mentioned that this latter result is 
not absolutely constant. The scanty flow of saliva which occurs after 
the removal of the clamp is no doubt due to the lessened irritability of 
the gland, which is known to result from obstruction of Wharton’s duct 
during chorda stimulation. And it will be subsequently shown that 
_ the smaller flow of lymph also ee under these conditions may be 
accounted for in the same way. 
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The following figures illustrate the effects observed : . 
Chorda stimulation 


Gland resting Wharton’s duct clamped Duct open (normal gland) 
I. ‘012 per min. 028 c.c. per min. ‘042 c.c. per min?’ 
II. -006 024 ,, 


Stimulation of the Cervical Sympathetic. The cervical sympathetic 
has been stimulated in four experiments, and stimulation led in every 
case to an increased flow of lymph. In one experiment, the increase 
was so slight as to fall almost within the limits of experimental error. 
In the other experiments the rate of lymph flow was more than doubled, 


.and approximated to that produced by chorda stimulation. A further | 


point noticed was that the flow of lymph was increased for several 
minutes after the cessation of the stimulus, and sank to its original rate 
rather slowly. In this respect, the effects of stimulation of the sympa- 
thetic nerve differ from those produced by chorda stimulation. Taking 
this fact into consideration, it is found that sympathetic stimulation 
leads to a flow of lymph which, though extended over a longer period, - 
is quite as great as that caused by stimulation of the chorda. In all 
the dogs employed, the stimulation of the sla osispas led to a scanty 
flow of saliva. 

In one experiment, the chorda and sympathetic were stimulated 
simultaneously, and the lymph flow thereby produced was slightly 
greater than that produced by stimulation of either nerve alone. _ 

It is clear, therefore, that although the vascular conditions are 
totally different in the two cases, both chorda and sympathetic stimula- 
tion leads to a definite and approximately equal increase in the rate of 
flow of lymph. . 


The following figures illustrate this fact : 


Lymph flow per minhteé. 
Gland resting  Chordastim. O,symp. stim. Joint stimulation 
I, 047 c.c. 105ec. $108 116 cc. 
II. 010 026 
ITT. 016 045 025 


In this table the lymph flow due to stimulation of the cervical ee 
represents only the flow during the actual period of stimulation. 


The action of pilocarpin. The action of pilocarpin is in the main 
similar to that of the chorda tympani. Its effect on the lymph flow 
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and salivary flow is less marked than that of chorda stimulation, and 
occasionally it fails to increase the flow of saliva; in those cases the flow 
of lymph is not increased at all. Further, pilocarpin acts on all the 
salivary glands, and the increased lymph flow is due less exclusively 
to the activity of the submaxillary gland. On the other hand, its 
action can be prolonged over a considerable period; its effect on the 
lymph flow is similarly prolonged, and the errors due to massage, which — 
are apt to occur with a brief chorda stimulation, are to a large extent 
eliminated. In this respect, therefore, it is satisfactory to find that the 


results of chorda stimulation and of pilocarpin injection correspond so. 
closely. | 


Lymph flow from cervical lymphatic. 


Gland resting 007 c.c. per 1 min. 
Chorda stimulation 023 ” ” 


| After injection of pilocarpin 018 _,, a 

The action of atropwn. After the injection of a few (10—15) milli- 
grammes of atropin sulphate into a vein, stimulation of the chorda 
tympani no longer leads to any increase in the flow of lymph. This 
result is confirmatory of the observation of Heidenhain, and of Asher 
and Barbéra. 

Atropin does not appear to have any influence on the normal flow 
of lymph, when the gland is resting. The flow is sometimes slightly 
greater, sometimes rather less after giving atropin; but the differences 
are always small, and when an increase occurs, it is not in any way 
comparable to that normally produced by chorda stimulation. Probably 
the differences fall within the limits of experimental error. 

The action of atropin begins three or four minutes after its injection 
and lasts a long time—in fact, as long as it prevents the flow of saliva. 
In the only case in which (after giving atropin) chorda stimulation led 
to an increased flow of lymph, some saliva was obtained at the same 
time, and it was obvious that the effect of the atropin upon the 
submaxillary gland had come to an end. 

The action of pilocarpin on the lymph flow is at once abolished by 
atropin. 

As regards the cervical sympathetic, my experiments are few in 
number and inconclusive. In one or two experiments, stimulation of 
the cervical sympathetic led to an increased flow of lymph after giving 
atropin, in others, no increased flow of lymph was obtained by the 
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) stimulation, In one experiment, in which atropin was given, stimu- 
: lation of the cervical sympathetic led to no flow of saliva and no 
increased lymph flow occurred. The point is an important one, and I 
hope to make some further experiments in regard to it. Atropin 


| appears to have no influence on the increased lymph flow produced by 
clamping the submaxillary vein, or — large quantities of normal 
| saline solution into a vein. 
aii Some points in the action of atropin are illustrated by the following 
figures : 
| 
| | i é A 
; | . 0 te 
| 
| 
| A 
Time. 


Flow of lymph per minute from cervical lymphatic ; neck massaged every 


3 minutes. 
Stimulation of chorda tympani 
Resting gland Before giving After giving 
atropin atropin 
047 c.c. 105 c.c. 044 cc. 
| IL ‘O11 | 042 017 
III. 005 ‘006 
| 008 015 008 
Earlier experiments. Massage at irregular intervals. 
005 046 01 
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Effects of venous obstruction and lymphagogues. When the sub- 
maxillary vein is clamped, the flow of lymph from the gland is con- 
siderably increased. Stimulation of the chorda during this period of 
_ obstruction leads to a still greater flow of lymph. No cedema of the 
gland was noticed in these experiments, presumably because the 
massage at regular intervals forced on the lymph into the efferent 
vessels. The increased lymph flow consequent on clamping the sub- 
maxillary vein still occurs after atropin has been given. 

The injection of a considerable quantity (say 500 c.c.) of normal 
saline solution into the femoral vein is followed by a great increase 
in the flow of lymph from the cervical lymphatic both before and after 
giving atropin (cp. Cohnheim, supra). Some of the lymph obtained in 
this way comes of course from the other structures of the head and neck. 
No edema of the gland was produced by this method, but this again 
may have been due to the regular massage. 


SUMMARY AND CONCLUSIONS. 


The essential features of the results just described may be sum- 
marised as follows: 

1. Stimulation of the chorda tympani, stimulation of the cervical 
sympathetic and the injection of pilocarpin all lead to an increased flow 
of lymph fromh the submaxillary gland. 

2. After giving atropin, chorda stimulation no longer causes any 
increased flow of lymph: the effect of atropin upon the lymph flow 
produced by cervical sympathetic stimulation is not clear. | 

3. Whenever the irritability of the gland is lowered by obstructing 
Wharton’s duct, less lymph is obtained by stimulating the chorda than 
when the gland is normal. 

4. The injection of a large quantity of dilute salt solution or 
clamping the submaxillary vein leads to an increased flow of lymph 
both before and after giving atropin. 

Some of these results confirm those already obtained by previous 
observers. The increased lymph flow produced by chorda stimulation © 
was observed by Cohnheim. More recently, Asher and Barbéra 
using a different method found that glandular activity led to an 
increased flow of lymph. Both Cohnheim and Heidenhain found 
that after giving atropin, chorda stimulation did not cause any increased 
flow of lymph, and Cohnheim noticed that the injection of salt solutions 
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into the body led to edema of the submaxillary gland before and after 
giving atropin. 

A point to consider in the facts given above is why chorda 
stimulation should normally cause an increased flow of lymph, and 
should not do so after atropin has been given. At first sight, it seems 
possible that atropin decreases the permeability of the capillary wall, so 
that increased blood-pressure no longer leads to the transudation of 
fluid through the capillary walls. This explanation however has been 
discussed and rejected by Heidenhain. He found that the injection 
of atropin did not prevent the cedema, which is produced by injecting a 
strong solution of sodium carbonate into the gland duct (shown by 
Giannuzzi). And he argued in consequence that the permeability of | 
the vessels is unaffected by atropin. Cohnheim came to the same — 
conclusion, since he observed that atropin did not prevent the edema 
of the gland which is brought about by hydremic plethora. My own 
experiments support this view; they show that after atropin has been 
given an increased flow of lymph from the submaxillary gland still 
occurs in consequence of the injection of dilute salt solution, and also as 
the result of clamping the submaxillary vein. The fact that increase of 
venous pressure causes an increased flow of lymph was considered by 


‘ Cohnheim to be due to an increase in the permeability of the capillary 


wall incident to the abnormally slow circulation of blood under these cir- 
cumstances. And at present, no other explanation seems to present itself. 

It is clear from the effect of atropin that increased flow of lymph — 
produced by chorda stimulation cannot be accounted for on the -sup- 
position that it is mechanically squeezed out of the gland by the 
distension of the blood vessels. Nor will such mechanical means 
account for the increased flow of lymph produced by stimulation of the 
cervical sympathetic. 

The only conclusion then that appears possible is that the increased 
flow of lymph normally following chorda stimulation is independent of 
variations of blood-pressure brought about by arterial dilatation. With 
regard to this increased flow I adopt the view of Asher and Barbéra 
that it is in some way due to the activity of the gland cells. I have 
shown that there is a broad relation between the amount of lymph 
and the amount of saliva, whether produced by chorda stimulation 
or by pilocarpin; that when the irritability of the gland is lowered by 
obstructing Wharton’s duct, less lymph is obtained on stimulating the 
chorda: and lastly that an increased flow of lymph is caused by stimu- 
lating the cervical nerve, 
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As to the further question of how the activity of the gland causes — 
more lymph to be formed, I would suggest the following view. It is 
assumed that during chorda stimulation the primary changes occur in 
the gland cells, which take up water and salts from the lymph and 
discharge them as saliva, The percentage of salts in saliva is about 
‘3—‘5; that in lymph is about ‘8; consequently, the lymph will become 
-more concentrated, osmosis will occur and water will pass from the 
blood into the lymph until the osmotic pressures are again balanced. 
On this view, the blood and lymph form a self-regulating mechanism ; 
as fast as water is taken up from the lymph by the cells, it is restored 
to the lymph from the blood, but no excess of lymph is produced. It 
might be maintained that this concentration of lymph due to salivary 
‘secretion causes more fluid to reach the lymph from the blood than 
leaves the lymph to form saliva. 

But when the secretion of saliva is very rapid, the percentage of 
salts in saliva is increased, as shown by Heidenhain, Werther, 
Langley and Fletcher. It then becomes more nearly equal to the 
percentage of salts in the lymph, and very little concentration of the 
lymph will occur; and the excess of fluid entering the lymph from the 
blood over that leaving the lymph to form saliva ought to be smaller. 
But it is precisely under this condition—namely rapid secretion of 
saliva—that the lymph flow is most increased. It seems to me 
probable that during glandular activity whether due to chorda stimula- 
tion or to cervical sympathetic stimulation, waste products of metabolism 
leave the gland cells and enter the surrounding lymph spaces. These 
metabolites raise the osmotic pressure of the lymph; water passes from 
the blood, and the metabolites enter the blood until the osmotic 
pressures in the blood and lymph are balanced’. The water, which in 

1 A further point may be mentioned in support of this view. If the lymph could be 
previously diluted, the passage of metabolites into it might merely raise the concentration 
to its normal value, and no increased flow of lymph would follow glandular activity. In 
one experiment, the following figures were obtained : , 


Lymph flow. 
Gland resting Active Increase produced 
No venous obstruction ‘017 c.c. per min. ¢.c. 025 
Submaxillary vein clamped 036 c.c. | "048 012 c.c. per min. 


Cohnheim has shown that the lymph produced as a result of venous obstruction 
is more dilute than normal lymph from the same organ; and no doubt this holds good 
for the submaxillary gland. Under these circumstances, the passage of metabolites into 
the lymph does not make it so concentrated as normally. Less fluid passes from the 
blood by osmosis, and the lymph flow produced by chorda stimulation is smaller than 
usual, 
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this way enters the lymph from the blood, forms the increased flow of 
lymph actually produced by glandular activity. 

In conclusion, I wish to express my sincere thanks to Dr Langley 
and to Professor Starling for their advice and help in the course of 
these experiments. 


The expenses of this research have been defrayed by a grant from 
the Research Committee of the Royal Society. 


| PROTOCOLS. 
_ I. Medium-sized dog. Morphia (1 grain) injected subcutaneously. Anmsthetised 
with chloroform. Anesthesia maintained by a.c.z. mixture. Tracheotomy performed. 
Chorda tympani exposed. Cannula placed in Wharton’s duct. Cannula placed in 
cervical lymphatic. Lymph and saliva collected and measured. Neck massaged and 
record taken every 3 minutes. 


Cc, Cc. 
25 885 Inject. pilocarp. nitr. 8 mgr. 
symp. stim. 3 mins. | 3°95 
85 55} Coil at 5. 4°05 9-7 Inj. pilocarp. nitr. 12 mgr. 
1°15 55 4°45 9°8) Chorda T. stim. 8 mins. 
1:30 Cerv. symp. stim. 8 mins. | Coil at 5. 
160 Coilat5.— 505 Flow of saliva temporarily 
1°80 obstructed. | 
20 56 Chords T. stim. 8 mins. | Obstruction removed. 
at 10 mgrs. atropin injected 
2°50 inte vain 
2°7 7°2) Chorda T. stim. 2 mins. | 555 10°0 | 
8°0 Coil at 5. 
31 5°65) Noflow Chorda stim. 3 mins. 


II. Dog, medium size. Preparation as in No. I. To convert lymph flow along 
graduated tube into cubic centimetres (170=1 c.c.). 3 


Lymph Saliva Lymph Saliva 
208 429 
eet good flow Chorda stim. 3 mins. | 433) Wharton’s Chorda stim. 3 mins. 
288 Coil at 6. 454\ ductclamped Coil at 5. 
816 471) Nosaliva §Chorda stim. 8 mins. 
337s i 489 4°40 Coil at 5. 
842) good flow Chorda stim. 3 mins. 10 mgrs, atropin sulphate injected. 
364 Coil at 6. Clamp removed. 
878 sist No flow Chorda stim. 8 mins. 
“19 good flow  Chorda stim.8 mins. | 515 Coil at 5, | 

— 419 Coil at 6. 519 
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III. Large Dog. 


Presersiion os in No. I. except 14 grain morphia given. Cervical 


_ sympathetic nerve isolated and record taken every 8 minutes. Lymph flow is measured 


along scale (170 = 1 c.c.). 


300 18 Cerv. symp. stim. 3 mins. 
$18 Coil at 9. 
19)  Cerv. symp. stim. 3 mins. 
21 Coil at 9. 
2°15) Cerv. symp. stim. 3 mins. 
2°3 | Coil at 9. 
2°4 


2°4) Chorda 8 mins. 
8°6 Coil at 9. 


Lymph Saliva 

5382 45 

534 

572 53 Inject.15 in sul- 

phate into fe vein. 

582 653) Chorda tymp. stim. 3 mins. 

591 53 Coil at 8. 

602 

610 53) Cerv. ver ‘stim. 3 mins. 

619 5°4 Coil at 

627 6:4) Cerv. symp. stim. 3 mins. 

684 5°45; Coil at 8. 

688 5°45) Cerv. symp. stim. 3 mins. 
645 5°65) Coil at 7. 

655 


IV. Medium-sized dog. funk oe Bok. Submaxillary veins exposed. 


tube (170=1 c.c. 
Lymph Saliva 
c.c. 
112 8 
121 
180 Ps Chorda . stim. 8 mins. 
159 Coil at 
168 83 
166 
176 
181 Wharton's duct obstructed. 
186 84) Chorda stim. 3 mins. Coil 


196 8°4 at 6. Enormous distension 
of duct; some leakage. 

208 

230 Clamp removed from duct. 

236 

245 84) Chorda stim. 3 mins. Coil 

256 89) at6. 

269 

272 

800 40 

318 40) Chorda stim. 3 mins. Coil 


Lymph flowed along a calibrated 


Lymph 

8438 #42) Chorda stim. 2 mins. Coil 
875 

880 Submax. vein clamped. 
894 

410 

443 
' 452 #560) Chorda stim. 3 mins. Coil 
473 at 

486 | 

507 Clamp removed. 

527 

545 60) Chorda stim. 3 mins. Coil 


or 
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8. 
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ON REFLEX CARDIAC INHIBITION. By T. G. BRODIE, 
Director of the Conjoint Laboratories of the Royal Colleges of 
Physicians and Surgeons, London, and A. E, RUSSELL, M_D., | 
Resident Assistant Physician, St Thomas's Hospital, London. (Six 
Figures in Text.) 


(From the Conjoint Laboratories of the Royal Colleges of 
_ Physicians and Surgeons, London.) 


It has long been known that slowing or arrest of the heart can be 
brought about reflexly by excitation of almost any afferent nerve of 
the body if the stimulus be sufficiently great, and that the one nerve 
which can most readily produce this reflex effect is the vagus. The 
systematic examination of the different branches of the vagus with 
the direct object i in view of determining which fibres play the most 
important part in producing the reflex has not however been carried © 
out. Hence the experiments described in = paper have been 
designed. 

Our experiments can be ‘conveniently for descriptive 
purposes in two sections, in the first of which we deal with the 
results obtained by electrical excitation of the vagal branches and in 
the second, with other modes of excitation,—chemical, mechauical, etc. 
—which followed as a direct consequence of the results we obtained in | 
our first series. 

Most of our experiments have been performed upon dogs, the 
anesthetic employed being, as a rule, the A.c.E. mixture. In a few 
cases urethane was used, which was administered either subcutaneously 
or by intravenous injection ; the dose given was 1°25 grm. per kilo of 
body weight. The results were precisely the same with both forms of 
anzsthesia. We have also confirmed our results upon cats and found 
the reaction the same in this animal as in the dog. 

To record the effect upon the heart we usually took the carotid 
blood-pressure curve as being on the whole the most convenient. The 
records thus obtained were always checked by direct observation of the 
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heart in those experiments in which it was éxposed, by palpation, or by 
placing a finger upon an artery while the nerve stimulation was being 
carried on. We also tested whether the effects were exerted upon all 
four cavities of the heart uniformly, by recording the contractions of 
the ventricles and auricles. We found that whenever any slowing of 
the heart took place it was to be observed equally in both ventricles, and 
in auricle as well as ventricle. 


I. RESULTS OF EXCITATION OF THE CENTRAL ENDS OF THE 
3 DIFFERENT BRANCHES OF THE VAGI. 


A. The vagi on the wsophagus. These were exposed by resecting 
parts of the seventh and eighth ribs, artificial respiration being started. 
They were dissected out and loops of thread passed under them. The 
carotid was connected to'a mercury manometer and the blood-pressure 
recorded, One vagus was now lifted up, and excited. This was repeated 
at short intervals with currents of varying strengths. The nerve was 
then ligatured and cut below the ligature. The central end was placed 
on the electrodes and stimulated as before. The results were always 
found to be exactly the same as those obtained from’ the undivided 
nervé. “The second vagus was next treated in’ the’sanie way. As 
a final step in'the éxperiment the vagus was divided i in’ ‘the neck and 
its central end excited by the same strengths of currents as those already 
employed. In this’ way a direct comparison of | ihe reaction. obtainable 
from the two positions was obtained. 

The results we obtained were very variable and were as follows: —_— 

- (a) Some slowing of the heart-rate en by a Sli in blood- 
pressure. 

(6) No effect on heart-rate and a rise in So  aenre. 

(c) No effect on heart-rate nor on blood-pressure. 

(dq) In one instance si slowing of the heart and a small rise in 
blood-pressure. 

found that was more readily obtainable by exciting 
these nerves in the dog than in the cat. In the latter animal the rule 
was that no inhibition followed, in the dog on the other hand slowing 
occurred in more than half the experiments. The animals which gave 
it were found to vary considerably in the reaction produced and in the 
strength of current required. As a rule strong currents were necessary' 


| For excitation we employed a Du-Bois coil worked by a a single Leclanché battery. 
The electrodes used were the ordinary shielded electrodes. 
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to produce a reaction. The results nearly resemble those obtainable by 
BS nie excitation of an ordinary afferent nerve. The point we wish to empha- 
sise is, that though reflex inhibition can be commonly obtained it is never 
very marked, and is in no way comparable to the control reaction © 
produced when the central end of the vagus in the neck was excited 
by the same strength of current. In Fig. 1 we give a blood-pressure 
tracing giving the record of one of these excitations which produced a 
positive result. A strong current was necessary and the reaction obtained 
was fairly good. In all cases the blood-pressure record was checked by 
direct observation of the’heart itself. 


Fig. 1. Dog. Blood-pressure tracing. The zero-abscissa line has been raised. During 
| the time indicated by the depression in this line the central end of the right vagus on 
the esophagus was excited. Coil at 0. 


In view of these results we did not consider it nécessary to examine 
any lower branches of the vagi. 

In connection with these results we have the experiments of Goltz 
and others upon reflex cardiac inhibition from the stomach and intestines. 
In Goltz’s classical “ Klopfversuch” inhibition is produced in the frog 
by sharply striking the exposed stomach. The result of electrically 
exciting the nerve filaments from the viscera was not constant. Bern- 
stein? showed that the afferent path for this reflex was along the 
sympathetic, then into the cord by fibres entering not higher than the 
third spinal nerve. He also showed that this was practically the same 
in the rabbit. Mayer and Pribram ® also studied this reflex in mammals 
and found that the slowing of the heart was accompanied by a rise in — 
blood-pressure. They found that it could be most easily brought about 
by suddenly distending the stomach with air, and gave experiments 


Goltz. Virchow's Archiv, p. 1. 1868. 
2? Bernstein. Archiv fiir Physiol. 1864, p. 614. : 
Mayerand Pribram. Sitz. d, k. Akad. Wien, uxvi. (iii), p. 102. 1872. 
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proving that the afferent impulses were started from the muscular or 
peritoneal coats and not from the mucous membrane of the stomach. 
Tarchanoff! found that the reflex was much more active if the stomach 
and intestines were inflamed, a result confirmed by Francois-Franck*. 
None of these observers have attempted to determine whether section 
of the vagi in the thorax materially modifies the course of this reflex, 
hence we performed two experiments upon cats with this particular 
object in view. The stomach was exposed by a small median incision 
through the upper part of the abdominal wall. In one experiment the 
inflation of the stomach was effected by passing a tube through the 
cesophagus, and in the other by making a small incision through the 
stomach wall at the pylorus. The inflation was performed in the same 
way as that used by Mayer and Pribram, and consisted in tying > 
a small rubber bag to the end of a glass tube, this was then introduced 
into the stomach and inflated as required. | 

We found in one or two experiments that it was by no means easy 
to produce reflex slowing of the heart by any mode of excitation of the 
stomach wall. The most effective method was to paint a small area of 
the stomach wall with a weak solution of ammonia. In all modes of 
excitation the results obtained were the same. At first there is a 
slight rise in blood-pressure occurring with acceleration of the heart. 
After a variable period of about 10 seconds this is followed by a certain 
amount of slowing. These same results follow stimulations of the central 
end of the divided splanchnic, an observation which has been previously 
_ described by Roy and Adami*. It therefore seemed as if the whole of the 
afferent impulses passed up these nerves, but we found that division of 
_ the two vagi materially modified the reaction given when the stomach 
was again excited. In the. one experiment in which only slight in- 
hibition was being produced this was quite absent after the division of 
the vagi. In the second case in which the reaction was rather marked 
the slowing was distinctly less after the section. In both these ex- 
periments excitation of the central ends of the vagi produced only small 
effects upon the heart-rate, effects which were comparable to those 
obtained reflexly from the stomach. We therefore conclude that, in 
the cat, some of the afferent impulses which produce reflex alteration 
of the heart-rate are carried up the vagi as well as along the splanchnics. 


1 Tarchanoff. Arch. de Physiol. vm. p. 498. 1875. 
* Frangois-Franck. Travaux du Laboratoire de M. Marey, nu. p. 221. 1876. 
* Roy and Adami. Phil. Trans. cuxxxu. B. p, 268, 1892. 
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B. The cardiac branches of the vagus. To expose them the anterior 
halves of the upper three ribs were removed on both sides together with 
the corresponding portion of the sternum, the internal mammary 
arteries and veins being ligatured. The various cardiac branches were 
dissected out on both sides and threads passed under them. Each 
branch was stimulated, then cut and the central end excited with various 
_ strength of stimuli. The peripheral end was finally excited to determine 
if it contained inhibitory fibres. Sometimes this excitation failed to 
produce any inhibition though dissection proved that the branch in 
question entered the heart. We could not show that these particular 
branches had any greater inhibitory effects when excited centrally than 
others which contained many inhibitory fibres. 

The results we have in this manner obtained may be tabulated in 
the following way. : 

(a) Slowing of the heart and a fall.in blood-pressure. 

(6) Slowing of the heart and a rise in blood-pressure. 

(c) No alteration in rate of heart-beat but a fall in blood-pressure. 

(d) No alteration in rate of heart-beat but a rise in blood-pressure. 

We have not met any instances in which the rate of beat was 
accelerated. Excitation of the different branches in the same animal 
usually gave different results. Thus Figs, 2 and 3 give the results 


Fig. 2. Dog. A.C.E. Blood-pressure tracing. The zero-abscissa line has been raised 
40mm. At the time indicated on the abscissa line the central end of the uppermost 
cardiac branch of the R. vagus was excited. Coil at 5 cms. 


obtained ‘by exciting the central ends of two cardiac branches of the. 
right vagus in a dog. In Fig. 2 the highest cardiac branch of the right 
vagus was excited. It caused a fall in pressure and a slowing of the 
heart which persisted some little time after the excitation had ceased. 
In Fig. 3 the central end of the lowest branch (the sixth cardiac) of the 
same vagus was excited. It caused a decided rise in blood-pressure 
followed by a slight slowing of the rate, and with this slowing the blood- 
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pressure began to fall. Increase in the strength of stimuli applied did 
not produce a more marked effect with either of these two branches. 


Fig. 3. Same dog as in Fig. 2. The zero-abscissa line has been raised 85mm. At the 
time signalled the central end of the lowest cardiac branch of the R. vagus was 
excited. Coil at 5 cms, 


The results of these experiments must be compared with those 
obtained by Wooldridge’ by exciting the central ends of the various 
nerves which lie on the ventricular wall. By stimulating the central 
ends of the anterior ventricular nerves he found, 

1. Slowing of the heart and a rise in blood-pressure. 

- 2. Slowing of the heart and no effect on blood-pressure, and, as 
after effects, an increase in heart-rate and a fall in blood-pressure. 

By exciting the central ends of the cians ventricular nerves he 
found, 

1. Increase in rate of beat and no slimeation in blood-pressure. 

2. Slowing of heart-rate and a fall in blood-pressure. : 

3. No effect on heart-rate and a slight rise in blood-pressure. 

4. No effect on heart-rate and a fall in blood-pressure. 

The results Wooldridge obtained by exciting the ventricular 
nerves thus entirely agree with the results we have obtained from the 
nerves after they have left the heart and before they join the vagi, with 
the exception of one class. These were the instances in which he 
observed accelerations of the beat following excitation of the posterior 
ventricular nerves. With the exception of a statement of Pawlow’s’, 
_ that excitation of a cardiac nerve in the thorax causes a rise in blood- 
pressure, we know of no other experiments dealing with stimulation of 
the central ends of these branches. 


af Wooldridge. Archiv fiir Physiol. 1883, p. 522. 
Pawlow. Medicinisches Centralhlatt, 66. 
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Hil | 
I _ In examining our results from the point of view of the strength of 
i | stimulus required to produce reflex inhibition, we show clearly that, as 
| i compared to the strength required when the central end of the vagus in 
Hi the neck is excited, the stimulus must be distinctly greater. Moreover 
ail in the most marked cases the reflex inhibition is never very pronounced _ 
i | and there is never anything approaching to complete standstill. : 
| C. The pulmonary branches of the vagus. These, as a rule, we 
\ only exposed upon the one side. The operation consisted in resection 
ii) of the sixth, seventh, eighth and ninth ribs from close to the sternum 
iil to the transverse processes of the vertebrw. The branches were then 
i easily isolated and tested in the manner described above when dealing 
ti with the vagi on the esophagus. To our surprise we found that reflex 
iil inhibition can be obtained from any one of them with the greatest ease. 
tal Only a weak stimulus is requisite and the reaction is produced at once, 
Wl results which stand in sharp contrast with these we obtained when 
Hi | working upon the other vagal branches. In these latter cases there is 
hs frequently a considerable latent period and the development of the 
1) reaction is gradual. 

i In Fig. 4 is reproduced a blood-pressure tracing showing the result 


of exciting one of these branches centrally. It is seen that the result is 


20mm. At the time signalled on this line the central end of one of the pulmonary 
branches of the R. vagus was excited. Coil at 10 cms. 


occurs during the early part of the stimulation. The result upon heart 
and blood-pressure is invariably the same and only differs in degree. 
The tracing we give may be regarded as an average result. In addition 
to the action upon the cardiac centre thus demonstrated, there is the 
usual action upon the respiratory centre and also one upon the vaso- 


| practically instantaneous and that the maximum amount of inhibition 
| 1) Fig. 4. Dog. A.C.E. Blood-pressure record. The zero-abscissa line has been raised 
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motor centre. This latter is demonstrable upon an animal in which the 
cardio-inhibitory fibres have been paralysed by atropine. Excitation 
of the pulmonary branches in such an animal causes a fall in blood- 
pressure which in some instances is very considerable. These results 
exactly agree with those one of us (T. G. B.)' has obtained upon the cat, 
as following the injections of a dose of serum. 

The type of the reaction is as we have seen quite different from 
those produced on exciting the other branches of the vagus. It more 
nearly resembles the effect following stimulation of = peripheral end 
of the vagus divided in the neck, 

The sensitiveness of the reaction is considerable. In most instances, 
it is easier to obtain reflex inhibition by exciting a single puimonary 
nerve than by exciting the central end of the vagus divided in the neck. 

This result is of further interest because it is exactly comparable 
to a result obtained by Mac William’ in the eel. He found that slight 
stimulation of either gill causes a sudden and powerful inhibition of 
the heart’s action, the whole organ standing still in a state of diastole. 
Stimulation of the central end of a branchial nerve, also led, with great 
readiness, to cardiac arrest. He notes that a similar inhibition can be 
produced in the carp, perch, rudd &c. 

Our results with the pulmonary branches led us to examine the 
effect of various forms of stimuli upon the pleura. No effect could 
however be obtained although we tried electrical, mechanical, chemical 
and thermal forms of excitation. 

While these experiments were in progress ands soon after we had 
found the marked reflex effect upon the heart which follows stimulation 
of these pulmonary fibres a case came under the observation of one of 
us (A. E. R.), in which exploratory puncture of the lung resulted in the 
sudden death of the patient by cardiac failure. The case is of such 
interest in this connection that we give a brief account of it here. 


The patient was a child in which the presence of pus in the lung or pleura was 
suspected. An exploratory puncture was therefore made using an ordinary hypodermic 
needle which was inserted for about a couple of inches. Only one puncture was made, no 
pus was found and the needle was withdrawn, the whole operation taking about thirty 
seconds. At the moment of withdrawal the child was observed to be livid in appearance, 
its hands were clenched and a convergent squint was present. The radial pulse could not 
be felt and no cardiac sounds could be heard with the stethoscope. Respiratory efforts 
however went on for a few minutes and were maintained for a short time by artificial 


1 This number of the Journal, p. 48. 
2 MacWilliam. This Journal, vi. p. 233, 1885. 
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means. In spite of this and other efforts, no further cardiac contraction could be detected. 
At the post-mortem examination no pus was present, the lung being in s condition of 
developing fibrosis following confluent broncho-pn 

Having found the marked reaction following excitation of the 
pulmonary nerves we next examined the other afferent nerves 
supplying the remainder of the respiratory tract. Stimulation of the 
superior laryngeals produces quite as marked a reflex as that given by 
the pulmonary nerves, a result first described by Francois-Franck’. 
Stimulation of the recurrent laryngeals, as was to be expected, was 
quite ineffectual, Electrical stimulation of the nasal branch of the 
5th nerve Kratschmer*® found to be ineffective, a result which was 
however negatived by Francois-Franck. We are able to confirm 
the result obtained by the latter observer. 


II. THE NATURE OF THE RELATIONSHIP OF THE RESPIRATORY TRACT 
TO THE CARDIO-INHIBITORY CENTRE. 


The ease with which excitation of the pulmonary nerves is followed 
by cardiac inhibition at once recalls certain well known facts bearing 
_ upon this point. The first of these is the varying rate of beat observed 
in some animals during inspiration and expiration. During expiration 
the rate of the heart is slower, a difference at once abolished by 
dividing béth vagi in the neck. © 

The difference in rate is usually well marked in dogs but is not 
as a rule to be observed in man, the cat, and the rabbit. To determine 
the cause of this modification in rate many experiments have already 
been recorded. The first worker in this direction was Einbrodt*. He 
found that if an animal be made to respire air under a positive pressure 
the heart was slowed. A similar result was observed if the air respired 
was under a negative pressure. Hering‘ showed that Einbrodt had 
missed one very important condition because the pressures he used were 
too excessive. If in the experiments in which a positive pressure was 
employed this pressure was kept low, eg. 2 to 5 mm. of mercury, 
the positive ventilation causes acceleration of the heart. Einbrodt 
employed pressures of from 20 to 40mm. of mercury. In a series 
of most instructive experiments Hering proves that the result is not 
due to any alterations in the mechanical conditions of the circulation 


1 Francois-Franck. Trav. du Labor. de Marey, 1. p. 221. 1876. 
* Kratschmer, Sitz.d, k. Akad. Wien. uxt. (ii), p. 147. 1871. 

* Einbrodt, Ibid. xt. (ii), p. 361. 1860. 

4 Hering. Ibid, txrv. (ii), p. 338, 1871. 
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affecting heart. or vessels, nor to any alteration in the gaseous 
respiratory exchanges. He also proves that the acceleration during 
inspiration is due to an alteration of the tone of the cardio-inhibitory 
centre and that the afferent fibres which are excited are those of 
the lungs. Sommerbrodt' confirmed these results and moreover paid 
especial attention to the blood-pressure changes which accompanied 
them. He found that there was always a fall in blood-pressure, part of 
which was due to reflex dilatation of the blood vessels, and brings 
forward experiments to show that the rate of blood-flow through 
the capillaries is favoured by the fresh condition produced as a reply to 
the stimulation, which in itself tends to impede the flow. Léon 
Fredericq’® however questions the interpretation of these experiments. 
He considers that the effect is not reflex but is an automatic action 
of the cardiac centre and is quite independent of any reflex activity 
that can be induced from stimuli originating in the lungs. 

One of us* has described an effect produced by injecting serum into 
the circulation in a cat. This causes reflex arrest of the heart and of 
respiration and a diminution in tone of the vaso-motor centre. All 
these effects are cut out by section of the pulmonary nerves. 

Before we were familiar with the details of the work of these 
observers we had independently carried out many experiments upon 
the same lines. We can entirely confirm the results arrived at by 
Hering. When a fairly high pressure is used for the respired air the 
rate of heart-beat may fall to one-half its former pace, but there is 
never that very marked slowing which follows excitation of the central 
end of one of the pulmonary nerves. We have also shown that during 
the whole of the time that artificial respiration is being carried out 
upon an animal the heart is constantly inbibited as a result of the 
inflation. This is true both in curarised and non-curarised animals. 
It is more particularly marked in animals in which the thorax is open, 
and in which the total volume changes of the lungs are consequently 
exaggerated. 

With regard to the effect upon the vaso-motor centre we found, that 
suddenly changing the pressure of the respired air from atmospheric to a 
positive or negative pressure causes a fall in blood-pressure which is 
approximately proportional to the change in air pressure. This fall is 
also produced in atropinised animals and plethysmographic experiments 

1 Sommerbrodt. Zeitschr. f. klin. Med. u. p. 601. 1881. 


* Léon Fredericq. Arch. de Biol. m1. p. 80. 1882. 
Brodie. This Journal, p. 48. 
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show that it is then due to vaso-dilatation. The effect is cut out by 


dividing the pulmonary branches of the vagi. Hence it is a reflex 


inhibition of the vaso-constrictor centre in the medulla, just as the action 
on heart and respiration are produced in a similar manner. It is a very 
interesting fact that the mechanical excitation of these fibres produces 
exactly the same result as chemical excitation produced by injecting 
serum, in the experiments already referred to. The reaction to the 
mechanical stimulus is however never so pronounced as that given by a 
serum injection. 

We think it is important to note that, in these experiments in which 
the pulmonary nerves are mechanically excited, the fibres affected must 
be those in the alveolar —_ 


The next iain. we wish to discuss are those in which 
variations in heart-rate accompany changes in blood-pressure. As was 
first pointed out by Marey, if the cardiac nerves are intact, a rise of 
blood-pressure is soon followed by slowing of the heart and conversely a 
fall in pressure produces acceleration. These alterations in heart-rate 
are reflex and it is generally considered that the afferent fibres which 
are excited and produce the effect arise from the heart itself. Consider- 


Ing the results we had obtained we thought it possible that the fibres 


stimulated in these experiments might be pulmonary fibres. We 
therefore tested the effect upon the heart-rate of a rise in pressure 
before and after section of the pulmonary nerves. The rise in pressure 
was produced in our experiments by injection of suprarenal extract, of 
nicotine, or by compressing the abdominal aorta. The effects were 
precisely the same after section of the pulmonary nerves as before. 
Hence we conclude that this reflex alteration in heart-rate is due to 
excitation of afferent cardiac fibres, for that it was not due to stimulation 
of any set of fibres below the pulmonary was proved by division of the 
vagi below these branches and subsequently injecting nicotine or 
compressing the aorta. 

The last group of experiments we have to describe is one in which 
the pulmonary fibres were excited chemically by the inhalation of 
irritant vapours. We found this a most powerful method of producing 
reflex inhibition of the heart. Simultaneously, arrest of respiration 


always occurs whenever the vapour inhaled acts powerfully enough to 


cause inhibition., We obtained positive results by inhalation of the 
following vapours, viz.: chloroform, hydrochloric acid, formaldehyde and 
bromine. The latter was on the whole the most effective. 
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Before describing our results it will be best to refer to the somewhat 
similar experiments which have been described by Kratschmer’ and 
Francois-Franck*. Kratschmer’s experiments refer to excitation of 
the nasal mucous membrane. As irritant vapours he used cold air, 
carbonic acid, ammonia, acetic acid, chloroform and tobacco-smoke. He 
chiefly employed the last-mentioned because it gave a good reaction 
and was easily administered. He experimented chiefly on rabbits but 
confirmed his experiments upon cats. He was only able to obtain 
reflex arrest of the heart and respiration when the stimulus was applied 
to the nasal mucous membrane. When he excited the laryngeal 
mucous membrane by blowing in the gas from below and avoiding any 
possibility of it reaching the nasal mucous membrane by ligaturing the 
pharynx he only obtained negative results. He proved that the reaction 
was due to excitation of the nasal branch of the 5th nerve and that the 
olfactory nerve took no part in the production of the reflex. When any 
of the vapours were blown into the lungs, no result whatever was 
produced. In addition to the cardiac and respiratory effects produced 
in @ positive reaction, the blood-pressure usually rose, or at any rate did 
not materially fall, from which he concludes that reflex vaso-constriction 
was also produced. Frangois-Franck repeated these experiments but 
in some respects obtained different results. He entirely confirms the 
results of excitation of the nasal mucous membrane. He was however 
successful in obtaining reflex inhibition by the action of chloroform on 

the laryngeal mucous membrane. When he administered chloroform 
_ vapour by tracheal tube to the lungs and bronchi he however obtained 
negative results. He concluded that below the vocal cords the respira- 
tory tract is insensitive to chemical stimuli, 

We have repeated these experiments and can confirm those upon the 
nasal mucous membrane and upon the larynx. We have had no 
difficulty whatever in obtaining reflex cardiac inhibition by the action 
of chloroform vapour upon the larynx. This result stands well in 
conformity with the fact that refiex cardiac inhibition can be readily 
obtained by exciting the central end of the superior laryngeal nerve. 
With regard to excitation of the lower parts of the respiratory tract we 
cannot understand why Francois-Franck failed to get cardiac slowing 
by giving chloroform vapour, unless it is that he did not give enough 
of the vapour. We have frequently recorded slowing as an immediate 
result of chloroform administration. There is no question that this 


1 Kratschmer. Woe. cit. 
? Francois-Franck. Trav. de Lab. de M. Marey, u. p. 221. 1876. 
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part of the respiratory tract is less sensitive than the larynx and nasal 
mucous membrane. In fact as we proceed downwards along the 
respiratory tract the mucous membrane is found to be less and less 
sensitive to chemical irritants. If, however, a small drop of chloroform 
be placed on the trachea it is at once followed by marked cardiac 
inhibition. By making use of more irritant vapours, e.g. a small amount 
of bromine, the reaction on heart and respiration can be produced in an’ — 
intense form. | 
3 In Fig..5 we reproduce a curve showing how easily bromine vapour 


io 


Fig. 5. Dog. Blood-pressure tracing. The. zero-abscissa line has been raised 15 mm. 
Time tracing=seconds. During the time indicated on the abscissa line the animal 
was made to breathe out of a bottle containing a small quantity of bromine vapour. 
The animal was breathing through a tracheal cannula, so that the upper parts of the 
respiratory tract are not affected during the experiment. 


produces the cardiac inhibition when it is inhaled directly into the 
bronchi and lungs. The. effect is, as we should expect, still more 
marked if the vapour can act upon the nasal mucous membrane or upon 
the larynx. 

The result produced in this experiment is practically identical with 
that following electrical excitation of the central end of a pulmonary 
nerve—the only difference being a less sudden onset, which may well be 
due simply to the fact that the vapour takes a little time to gain free 
access to the mucous membrane. The reaction is much quicker in onset 
and far more intense than that following mechanical excitation of the 
alveolar nerves. 

That the reflex is, however, due to excitation of these pulmonary 
nerves is proved by Fig. 6, which was recorded at a later time from the 
same animal as in Fig. 5. 

Between the taking of these two siiiin however, the permonery 
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REFLEX CARDIAC INHIBITION. 105 
branches of both vagi were divided, and then another dose of bromine 


was given. The result is seen in the latter figure. The reaction is 


Fig. 6. Dog. Blood-pressure curve. The thorax has been opened and the pulmonary 
branches of the vagi have all been divided. At the time indicated upon the abscissa 
line bromine was again administered. It produced a rise in pressure and no slowing 

of the heart. 


completely cut out. As a result of these and similar experiments we 


conclude that the alveolar nerves are the fibres excited, for only thus — 


can we explain the fact that no reaction occurs in Fig. 6, although the 
fibres to the trachea are intact, and that the reaction, to bromine, is 
much more gradual in onset ‘than that following stimulation of the 
pulmonary branches. 

In attempting to determine whether the reflex has the same 
characters as those given by the excitation of the lung fibres, we gave 
the -vapour to an animal previously treated with atropine. We still 
obtained arrest of respiration and a fall in blood-pressure, thus showing 
that the reflexes are exactly the same. In one experiment of this kind 
we observed a difference in the reaction, in that respiration instead of 


being arrested became quicker and shallower. Exactly this effect has — 


also been observed following an injection of serum into a cat under 
atropine, so that here again we get confirmation of the precisely similar 
reactions obtained by the two different modes of chemically exciting 
these fibres. The correspondence between the two sets of experiments 
also confirms the view that the bromine in these experiments acts upon 
the alveolar nerves, for a study of the reaction given by serum leads 
conclusively to that result. 

In attempting to form an idea why there is so close a relationship 
between the respiratory tract and these centres in the medulla we must 
note that the three chief effects produced by exciting the afferent fibres 
of the respiratory tract are inhibition of the heart, arrest of respiration, 
and vaso-dilatation. Further, Kratschmer has shown that excitation 
of the nasal mucous membrane leads to blocking of the respiratory tube 
by the bringing together of the vocal cords. In the next place the 


= 
' 
\ 
“4 
Bk 
a 
of 


— 


= 


— 


as 


= : 


= 


106 T. G. BRODIE AND A. E. RUSSELL. 


most sensitive surface is the nasal, z.e. the first surface of the tract, the 
one which would first meet any irritant entering the body by this path. 
The larynx follows this in sensitiveness, and then we have a long piece, 
the trachea and bronchi, which are apparently insensitive and — the 
alveoli which are again sensitive. 
One of the conclusions which is obviously to be drawn is that the 
respiratory arrest at once stops further entrance of the irritant, and the 
_ circulatory disturbance tends to impede its absorption from the surface. 
Why the alveolar nerves should be in such close relationship to the 
cardiac and vaso-motor centres is by no means so clear, and we are not 
prepared to suggest any satisfactory explanation. The observation 
stands in unison with that made by Mac William and already 
referred to, namely, that stimulation of the gills in fishes leads to the 
same arrest of the heart. 


CONCLUSIONS. 


7 1. Of the branches of the vagus, excitation of the central end of. 

which causes reflex inhibition of the héart, the pulmonary fibres are 
those which produce the most marked reaction. The cardiac are much 
less effective and the branches below sie et are still less 
effective. 

2. The connection of the respiratory tract with the cardio- 
inhibitory centre is very close. Thus: stimulation of the nasal mucous 
membrane at once arrests the heart. Stimulation of the laryngeal 
mucous membrane is only a little less effective. Stimulation of the 
trachea and large bronchi is apparently without effect, but stimulation 
of the alveolar nerves is about as effective as that of the laryngeal. 

3. These nerves produce the result when excited electrically, in 
their course from the mucous membrane, or when stimulated mechanic- 
ally or chemically in the mucous membrane itself. 

4. In addition to the effect upon the cardiac centre, excitation of 
the pulmonary nerves also acts upon the respiratory and vaso-motor 
centres producing arrest of respiration and a fall in blood-pressure. 

5. The alveolar nerves can be excited chemically by the inhalation 
through a tracheal tube of irritant vapours, such as chloroform, hydro- 
chloric acid, ammonia, formaldehyde, or bromine, or by the injection 
of such substances as serum, or egg-white, 

6. Division of the pulmonary nerves on both sides completely 
abolishes the effect upon the cardiac, respiratory and vaso-motor 
centres. 
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THE MOVEMENTS AND THE INNERVATION OF THE 
LARGE INTESTINE. By W. M. BAYLISS anp E. H. 
STARLING. (Nine Figures in Text.) 


I. THE LARGE INTESTINE OF THE DOG. 


Our main object in investigating the activity of the large intestine, 
after the very accurate account of the innervation of this organ by 
Langley and Anderson’, was rather to see how far the local reflexes 
present in the small intestine played a part also in the normal life of 
the large intestine. Since here, as in our previous work, we have made 
large use of the graphic method, we have taken the opportunity of 
reinvestigating the action of the extrinsic nerves of the gut by this 
method. 

By the large intestine in this paper is understood the portion of the 
gut between the ileocecal valve and the attachment of the levator 
ani muscle; the anal canal, which is more intimately dependent on 
its connection with the central nervous system, being left out of 
account, | 

Methods. The animals were in all cases anesthetised, generally with 
morphia and A.c.E. mixture. In a few cages the morphia was omitted, 
but in these cases the gut was not found to be more active than in 
the others. In all cases the muscular wall of the gut was cut through 
at the level of the attachment of the levator ani, in order to avoid 
the shifting of the whole gut into the pelvis which is produced by 
contraction of the recto-coccygeal muscles. A dose of castor oil was 
administered the day before the experiment. In most cases the small 
intestine was also cut through just above the ileocewcal valve, and the 
whole colon washed through with normal salt solution. The balloon 
which was connected with the recording tambour was introduced into 
the gut through the lower opening, or through the ileocecal valve, or 
more rarely through a small incision in the wall of the gut. 

The separation of the gut from the central nervous system was 
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carried out in one of two ways. Langley and Anderson have 


_ shown that the colon receives its nerves from two sources, from the 


upper lumbar nerve roots through the sympathetic chain and inferior 
mesenteric ganglion, and from the sacral nerve roots by way of the 
pelvic visceral nerves. The influence of the central nervous system on 
the colon would, therefore, be abolished either by destruction of the 
spinal cord below the tenth dorsal vertebra, or by extirpation of the 
inferior mesenteric ganglia combined with section of the pelvic nerves. 
Both methods were employed. The destruction of the lower end of the 
cord was generally accompanied with section of both splanchnic nerves 
in order to be absolutely certain of abolishing all possible connections 
through the sympathetic between colon and spinal cord. When the 
method of extirpating the nerves in the abdomen was employed, the 
small intestine was divided above the ileocwcal valve, and the mesentery 
slit up so as to leave the gut attached only by its vessels, which had 
previously been cleaned of all their nerve filaments. 

In view of the possibility of the sympathetic ganglia, 7.¢. the inferior 
mesenteric and the pelvic ganglia, having reflex functions, we have 
looked carefully for a difference in the behaviour of the gut after 
enervation by the two methods described, but have not found that 
retention of the connections of the colon with the pelvic and mesenteric 
ganglia alters in any way its behaviour from that of the colon in which 


_ the ganglionic connections have been destroyed. 


The activity of the enervated colon. On exposing the large 
intestine in the warm saline bath, 30 or 40 minutes after the completion 
of the preliminary operations, it is generally seen to be in a state of 
moderate constriction. Spontaneous descending contractions of the gut 
are rarely noticeable on simple inspection. If the small intestine be in 


_ an active condition, peristaltic contractions are occasionally seen which 


pass down the ileum and, if its connection with the colon be not 
destroyed, pass over the ileocecal junction to the colon. Such a 
peristaltic wave may be produced at will by the insertion of a bolus of 
cotton wool and soft soap into the small intestine. The bolus is driven 
into the colon and down it for some distance, but the peristaltic wave 
as a rule dies away at about the middle of the colon or the beginning 
of its descending part, and if several buluses be inserted one after the 
other, they all tend to accumulate about this part of the colon. In 
some cases, with an active colon, the accumulation at this part excites 
a peristaltic wave which drives the accumulated mass down the whole 
of the descending colon and out. of the lower orifice. 
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On inserting the recording balloon into the colon, we find as a rule 
that this viscus is the seat of rhythmic contractions, which starting 
above the balloon appear to travel downwards. These contractions 
are quite different in character from the rhythmic beat of the small 
intestine; they are much larger and of less frequency, and each 
contraction may last from 10 to 40 seconds. Superposed on these 
large contractions may be generally seen smaller ones, not very regular 
but having an individual duration of 2 to 4 seconds. We have not 
been able to decide definitely where there is any fundamental difference 
in the mode of origin of these two classes of contractions, whether, 
for example, the large contractions are neurogenic, and the small 
superposed waves myogenic in origin. 


Fig. 1. Dog. All nerves cut. Spontaneous activity. Time marking=6 seconds. 


One meets, however, with extreme variations in the activity of the 
muscular wall of the colon. In some cases it enters into a state of 
tonic contraction, presenting no mark of rhythmic action; in other 
cases (more rarely) at is perfectly inactive and 1 in @ position of complete 
relaxation. 


Local refiexes. 1. Descending inhibition. As in the small intes- 


Fig. 2. Dog. Colon. Showing descending inhibition. All nerves cut. At (a) and 
(b) pinch small intestine, at (c) pinch large intestine above balloon. 
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tine of the dog, so in the large, it is extremely easy, after complete 
destruction of its nervous connections, to evoke a descending inhibition. 
A stimulus, such as a pinch, applied to any part of the colon, or even to 
the lower part of the ileum, produces at once complete inhibition of the 
whole of the colon below the stimulated point. 
In the experiment from which Fig. 2 was taken, the large intestine 
was in a state of tonic contraction with very slight rhythmic intermis- 
sions. It will be seen that each stimulation above the position of the 
balloon, either of the lower part of the ileum or of the colon two inches 
above the balloon, produced a relaxation of the muscular wall of the gut. 
The same inhibitory effect occurs below a descending peristaltic wave, 
so that the effect of a series of peristaltic waves dying away, as they 
generally do, at the beginning of the descending part of the colon, must 
be to distend more and more this part of the colon. We have already 
seen that in a particularly active gut this accumulation may result in | 
the production of the peristaltic wave in the descending colon, and an 
emptying of this portion of the gut. It is probable, however, that in 
the intact animal the accumulation in this situation excites motor 
discharges through the lumbar spinal cord, and that the emptying of 
this portion of the gut is under the control of the central nervous 
system. In no case after complete enervation of the gut is an ascending 
inhibition ever observed as the result of local stimulation. | 
2. Ascending emcitation. As we should expect from the greater 
sluggishness of the large as compared with the small intestine, it is 
much more difficult in the former to evoke evidence of an ascending 
excitatory change as the result of local stimulation. On many occasions 
we have been unable to obtain any contraction by stimulation of the 
gut immediately below the recording balloon, the descending inhibition 


Fig. 8. Dog. Colon. Excitation by stimulating (pinching) below. 
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due to the presence of the balloon being more than sufficient to 
counteract the excitatory effects of the local stimulation. In some 
cases, however, especially if the balloon be in the upper region of the 
colon, pinching the intestine half an inch below the balloon may evoke — 
contractions over the balloon (Fig. 3). 

In this experiment the intestine was in a state of relaxation, and 
it will be observed that each stimulation is followed by a typical 
prolonged contraction. In the same region of the gut it is generally 
possible by the insertion of a bolus, moistened with soft soap, to assure 
oneself of the existence of an ascending excitation from the stimulated 
point. A band of constriction appears in the gut above the bolus, and. 
gradually spreads down towards the middle of the colon, driving the 
bolus in front of it. 

Extrinsic innervation of the colon. Here, as in the small 
intestine, we find that different writers have made the most diverse 
statements. For this cimmigence in results, we believe four factors 
are responsible. 

1. The integrity of the central connections allowing confusion to 
arise between directly excited and reflexly excited changes. 

2. Exposure of the gut leading to cooling and drying, or involving 
unnecessary handling of the viscus. 
 & The use of the method of inspection unchecked by graphic 
records, + 

4. The bias of a preconceived theory. 

In our experiments on this question we haye obtained invariable 
and perfectly definite results, and these results could be obtained with 


Fig. 4. Dog. Colon. Stimulation of inferior mesenteric nerve below ganglion. 
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extreme ease by any other physiologists employing the same precautions, 
i.e. the complete separation, muscular and nervous, of the colon from 
the rest of the body leaving it attached only by its blood vessels, the 
use of the warm saline bath, and the employment of the graphic method. 
Of course this last, being merely another mode of mspection, is rather 
an aid to experiment than an essential condition of the experiment. It 
has the advantage, however, that it involves the introduction into the | 
large intestine of a balloon which excites this viscus to a constant state 
of moderate activity, and it enables us to judge of the time relations of 
any reaction to experimental interference. 


Action of the sympathetic supply on the colon. We have 


stimulated these nerves in two situations: before entering the inferior 
mesenteric ganglion (where they may be spoken of as the colonic 
splanchnics) or after passing through the ganglion as they course along 
the inferior mesenteric vessels. The effect is the same in the two cases, 
t.e. a marked inhibition of tone of the colon accompanied by a cessation 
of the rhythmic contractions. The diminution in tone may last for some 
time after the re-establishment of the rhythmic contractions. We have 
never observed any trace of a motor effect of these nerves on either coat 
_of the gut. Both circular and longitudinal muscles seem to be equally 
inhibited. We have not observed any after augmentor effect as the 
result of stimulating these nerves. Fatigue of these nerves is not easily 
produced ; they may be excited again and again, especially in their 
post-ganglionic course, without any diminution in their effects being 
apparent. 

Pelvic visceral nerve. This nerve is the motor nerve to the 
whole colon. Stimulation of either nerve may cause a contraction at 
any or all parts of the colon. Indeed the first stimulation generally 
causes the whole of the large intestine to contract up to a cord. We 
have endeavoured by the insertion of balloons at different points to 
determine whether any condition of progression along the walls of the 
gut is produced as the result of stimulation of this nerve. Apparently 
however all parts of the gut are affected simultaneously, though the 
action may be more marked in the lower part than in the upper part of 
the colon. The pelvic visceral nerve is extremely easily fatigued, and 
it is often impossible to obtain a successful response to stimulation 
more than half a dozen times in the course of an experiment. | 
_ Although in many cases. the response to stimulation of this nerve is 
directly augmentor, in the majority of cases, especially if the intestine 
be in a state of tone, the first effect is an initial inhibition whieh is 
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followed by the augmentation. These two types of responge are shown 
in Figs, 5 and 6. 


Fig. 5. Dog. Colon. Stimulation of pelvic nerve (right side, coil at 10). 


_ This initial inhibition is exactly analogous to that which is found in 
this animal in the small intestine as the result of stimulation of the 


"Fig. 6. Dog. Colon. Stimulation of pelvic nerve. 
vagus, and, as in this case, we are inclined to ascribe it to a descending 
inhibition resulting from contraction of the gut some distance above 
the balloon, and regard it therefore, though initial, as only a secondary 
or mediate effect of the stimulation of the nerve. 
PH. XXVI. 8 
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- The fact that stimulation of the pelvic nerve generally evokes a 
simultaneous contraction of the whole colon does not of course. signify 
that this is the normal mode of activity of the nerve. Stimulation of 
the vagus causes in the same way a tonic contraction of the whole 
cesophagus, and yet we know that the normal function of the vagus, as 
set into action by the first movement of swallowing, is to carry out 
a peristaltic contraction of the esophagus. We believe that just as at 
the beginning of the alimentary canal there is a gradual transition from 
the cerebro-spinal reflex of swallowing to the local. intestinal reflex of 
peristalsis, so at the lower end of the gut there is a change in the reverse 
direction from the automatic reflexes of the upper part of the colon to 
the spinal reflex which in defecation affects the lower segment of the 
large intestine. The control of the central nervous system is therefore 
limited to the two ends of the alimentary canal. The experiments of 


Goltz, however, on the effects of extirpation of the lumbo-sacral cord 


seem to imply that the autochthonic mechanism of the small intestine 
is not entirely absent even in the hindmost segments of the gut, and 
that these, when entirely and permanently cut off from spinal control, 
may after a time develope powers little inferior to those of the small — 
intestine. 
We may mention in conclusion that on no occasion have we observed 
any result on any part of the large intestine from stimulation of the 
vagi or the splanchnic nerves. 


II. THE LARGE INTESTINE OF THE RABBIT. 


The methods adopted in this investigation were practically identical 
with those employed in the case of the dog. The enervation was how- 
ever always carried out by destruction of the cord from the sixth dorsal — 
nerve downwards, the friable vessels in this animal not allowing of the 
thorough dissection necessary for the destruction of the abdominal 
plexuses, The rabbits were anzsthetised with ether, with or without a 
preliminary injection of morphia. The intestines were exposed in a 
warm saline bath, and the movement recorded by the insertion of a 
balloon connected with a registering piston recorder. 

_ Superficially there is a great contrast between the large intestine of 
the rabbit and that of the dog, but this difference is conditioned — 
by the much greater activity of the former. 

_ Local reflexes. On exposing the colon of the rabbit in the warm 
bath, some time after destruction of the lower part of the cord, it is 
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‘ found as a rule to be in a state of activity, the intestine being pouched 
out at intervals by the small scybala which are characteristic of many 

herbivorous animals, Above each dilatation is a constricted ring which 
~ advances gradually down the intestine, pushing the fecal pellet in front 
_ of it. Several of these advancing peristaltic contractions may be present 
at the same time within a length of 10 or 12 inches of gut. If for any 
reason the onward progress of a pellet is prevented, the intestine 
continues in a state of increased activity just above the pellet, and this 
state is often not abolished by the arrival of a peristaltic wave from 
above. On introducing the recording balloon into the gut it almost 
immediately sets up a state of excitation which extends over several 
centimetres of gut above the balloon and rapidly drives this out through 
the opening by which it was inserted. If the expulsion of the balloon 
_ be prevented by tying it to the intestinal wall, strong waves of con- 
striction starting above the balloon pass down over it and are recorded | 
as rhythmic contractions by the piston recorder. If the balloon be 
inserted in a collapsed condition, the intestine may suffer its presence 
for some time, but a distention of the balloon evokes at once a peristaltic 
contraction and consequent expulsion of the balloon. If the balloon be 
inserted from above, the effect of the peristaltic contractions starting 
above the balloon, since they cannot force the balloon downwards, is to 
pull all the relaxed portion of the intestine from the lower to the upper 
end of the balloon, so that one or two feet of intestine may lie in folds 
on the three inches of tube passing from the balloon to its orifice of 
insertion. 

This extreme excitability of the intestinal wall makes it very 
difficult to demonstrate by the graphic method the presence or absence 
of an ascending excitation as the result of a local stimulus, Although 
such an effect is always produced, it is difficult in the tracing to 
dissociate it from the large rhythmic contractions already excited by the 
presence of the balloon, The effect however is so obvious and so easily 
evoked that a graphic record is unnecessary. If the spinal cord of a rabbit 
be destroyed, and the colon exposed in s warm saline bath, a local 
stimulus to any part invariably excites a contraction which, commencing 
one cm. above the excited spot spreads over two or three cm. and then 
travels slowly down the intestine as a peristaltic wave, 

The presence of a descending inhibition is however much more 
difficult to demonstrate. If the intestine be pinched between the 
fingers, the wave of contraction starting above travels down over the 
stimulated spot even during the continuance’ of the stimulation. This 
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difficulty in the demonstration of a descending inhibition is due in the : 
large as in the small intestine to the limitation of the process both in 

time and extent. Every local stimulation produces a condition of — 
inhibition which extends at the most two or three cm. below the excited 

spot and lasts only a few seconds, in fact, for the space of time generally 
occupied by one of the larger rhythmic contractions of the gut (Fig. 7). 


Fig. 7. Rabbit. Colon. Showing descending inhibition. Cord destroyed from 6th 
thoracic. Balloon introduced from above. The marks at a, b, and ¢, indicate 
stimulation by pinching the intestine above the balloon, 


~ 


The nature of this descending inhibition is in Fig. 7. Here 
stimulation produced by pinching the gut one em. above the balloon 


| q Fig. 8. Rabbit. Colon. Stimulation of pelvic nerve, and spontaneous peristalsis. 
Time marking =2 seconds. 
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causes in every case an immediate relaxation of the intestinal muscle 
at whatever point in the curve the stimulus is applied. The inhibition 
is not howeyer a lasting one, and therefore is not distinguishable in 
form on the tracing from the ordinary remissions of activity which 
alternate with the rhythmic contractions. The presence of an inhibition 
over a short area immediately in front of each descending wave of 
contraction is well shown in the spontaneous contraction represented at 


> the end of the tracing in Fig. 8. 


We may conclude therefore that the mechanism of peristalsis in the 
colon of the rabbit is essentially the same as in the small intestine 
of the dog, %.¢., a co-ordinated peripheral reflex. The differences being 
connected with the fact that the peristaltic activity in the rabbit is 
continuous, whereas in the dog it is occasional. 

Extrinsic innervation. The action of the efferent nerves which 
pass to the colon of the rabbit may be considered very shortly, since 
they exactly resemble those in the dog. The pelvic visceral ‘nerve is 
a pure augmentor nerve. Stimulation of it causes a contraction of 
the whole of the colon, often especially marked where the intestine 


Fig. 9. Rabbit. Oolon. Stimulation of colonic splanchnics. _ 
Time marking = 2 seconds. 
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is already excited by the presence of a fecal pellet or a recording 
balloon, | : 
_ No trace of an initial inhibition is ever observed in the rabbit as 
the result. of stimulating this nerve. As in the dog, the pelvic nerve 
soon shows signs of fatigue. This facility of fatigue is probably con- 
nected with the fact that in all our experiments we have excited the 
preganglionic fibres of these nerves. | 

The mesenteric nerves or colonic splanchnics always excite inhibition 
of the muscular coats of the colon, We have under no circumstances 
been able to obtain any motor effect from these nerves, although in 
some cases, when the activity of the intestine has not been as marked 
as usual, we have noticed an improving effect of the stimulation on the 
subsequent contractions. It is possible that the motor effects which 
have been described as the result of exciting these nerves may be due 
to the fact that the inhibition which is the immediate result of the 
stimulation has not been noticed on mere inspection, and the after 
effects of the inhibition have been regarded as the direct action of the 
nerves, Indeed the extreme activity of the intestines of the rabbit and 
their liability to spontaneous variations of activity render it absolutely 
necessary not to trust to inspection alone or to the graphic method 
alone, but in every case to use both methods as mutual controls. 


SUMMARY OF CONCLUSIONS. 


The following conclusions apply both for the dog and the rabbit : 

(1) The movements of the large intestine, like those of the small 
intestine, are under the control of a local nervous mechanism. The 
peristaltic contraction in the isolated gut is due to combination of 
ascending excitatory and descending inhibitory impulses started in the 
local nerve plexuses by the presence of a stimulating agent in the 
lumen of the gut. 

(2) The activity of the local mechanism diminishes from the 
ileocsecal valve to the anus, so that under normal circumstances the 
extrinsic innervation is of more importance than the intrinsic in the 
emptying of the lower segment of the colon (¢.g. in defecation). 

(3) The sympathetic supply to the colon (colonic splanchnics) have 
a purely inhibitory effect on both muscular coats of the bowel. The 
pelvic visceral nerve is motor to both coats. 
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THE EFFECT OF TEMPERATURE ON THE FUNC- 
TIONAL ACTIVITY OF THE UPPER CERVICAL 
GANGLION’. By F.C. EVE, BA, MB, B.C. (Cantab.), of 
St Thomas's Hospital, London. 


THE object of these experiments has been to ascertain the range of 
temperature within which sympathetic nerve cells are capable of 
passing on a nervous impulse from the cervical sympathetic nerve 
to the iris; in contrast with the behaviour of the nerve — cones 
similar conditions of temperature. 

A warm-blooded animal (e.g. rabbit) has been me to be anablé 
to live long if its body temperature is brought above 45° C. _—o* ™) 
or below 18° C. (Horvath™). 

Clinically, the extremes of body semaienie. consistent with 
recovery appear to have been 45°C. (113° F.) and 25°C. (77° F.)®. 
 Gotch and Macdonald” have found that the effect of temperature 
on the excitability of nerve depends upon the kind of stimulus, Thus 
a fall of temperature increases the excitability to galvanic and sinusoidal 
currents, condenser discharges, mechanical and chemical stimuli, but 
decreases the excitability to make or break induced currents. To the 
latter stimulus, a frog’s nerve at 5°C. showed no response, but to a 
mechanical stimulus a cat’s nerve responded freely at 2°C. 

In my experiments, the upper cervical ganglion was far more 
sensitive to cold than this; but my conditions tested conductivity 
rather than excitability, as the nerve and electrodes were at atmospheric 
temperature, while the ganglion was heated or cooled, at a distance of 
several centimetres (83—5) from the point of stimulation. 

Howell experimented on the 1 nerve of frogs, sabhite cats 


government grant funds. The experiments were carried out partly in the Cambridge 
Physiological Laboratory in 1897 and partly in the Embankment Laboratory of the Royal 
College of Physicians and Surgeons in 1900. I wish to record my gratitude to Professor 
kind advice. 
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and dogs. He found that conductivity is maiciaie’ above 44° and 
below 0°C. in winter frogs, while in spring frogs conductivity was 
suspended below 5° or 15°C. In cats, he found that conductivity in 
motor nerves diminishes with cold and disappears at about 4°C. The 
stimulus employed was the pulsating current from the induction coil 
(primary coil distant 10—13 cm. from secondary). The cardiac 
inhibitory fibres were more susceptible to cold (15—20°C.). In dogs, 
results were much more constant than in rabbits. Cardiac inhibitory 
impulses were not completely obstructed at 5°C. In the sciatic nerve, 
the vaso-constrictors acted at 2—3° C., and the vaso-dilators were active 
at a rather lower temperature. A temperature of 54° sustained for 


10 minutes destroyed conductivity. 


Howell's paper contains numerous references and abstracts of the 
work of earlier experimenters. 


In my experiments, the rabbit or cat was cneentieiieat with diler 
or A.C.E., sometimes supplemented by ‘7 grams of chloral per rectum. 
Several centimetres of the cervical sympathetic nerve were dissected 
out, cut centrally, and the dissection continued past the ganglion to the 
point of entrance of the internal carotid branches of the ganglion into 
the skull. This dissection involved section of the lateral branches of © 
the ganglion, together with almost all its blood-supply. 

The nerve was threaded through the core of a very fine spiral of 
glass tubing, through which was circulated hot or cold water. 

The spiral was passed up until it completely surrounded the ganglion, 


and was held in this position by a clamp. The spiral consisted of 
24 turns of 3mm. glass tubing, so that it was about 9 mm. in length. — 


Its core was about 2 mm. in diameter, and just fitted the ganglion. 
Proceeding from each end of the spiral was india-rubber tubing, leading 
to a large beaker 2} feet above, and to a small vessel 24 feet below the 
spiral, so that hot or cold water was circulated at great velocity 
through the spiral under a pressure of over 5 feet of water. The 
ganglion was then assumed to have a mean temperature between the 
temperature of the upper and lower vessels. The truth of this assump- 
tion was proved by substituting for the ganglion a spindle-shaped 


fragment of paraffin wax of known melting point. 


In many of the later experiments a second method of heating and 
cooling the ganglion was adopted, so that one method might check 
the other. It consisted of simply pouring normal salt solution of the 
required temperature into the wound, at the bottom of which lay the 
completely dissected ganglion, waving about in the current. A waste 
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tube passing through the side wall of the wound carried off the excess 
of saline solution as fast as it was poured in. The cut nerve was held 
up in the air and stimulated by hand electrodes. 

By one method or the other (or both) the temperature of the 
ganglion was reduced till it was just incapable of passing on a pupil- 
dilator impulse to the pupil. This gave the lower temperature limit. 
Hot water was now circulated and the upper limit found in the same 
way... 
If the ganglion was subjected to the upper critical temperature for 
a short time only, it would recover its irritability, but a longer exposure 
or a slightly higher temperature would permanently destroy its activity. 
If the loss of activity was due to cold, however, recovery always occurred 
on slightly warming the ganglion. The rapid and delicate response of 
the ganglion to slight warming can be shown thus :—Cool the ganglion 
till it is just incapable of reacting. Stimulate the nerve continuously. 
No change is seen in the pupil. Now pinch the tube of the water 
circulation, and in a few seconds the pupil dilates widely. The blood- 

supply remaining to the ganglion at the end of the experiment was 
tested by injecting into the carotid salt solution strongly coloured with 
methylene blue. The ganglion (in contrast to the surrounding tissues) 
appeared little or not at all injected, even after section and exposure to 
air. During the experiments the ganglion was always surrounded by 
salt solution or lymph, so that the loss of blood-supply might be less 
felt. The actual observations are too long to pees. but the nated 
facts are summarised ‘below :. 


Lower mit. of temperature at which conductivity of dis- 
appeared : | 


Cat A B C D | 


eee temperature limit at which the activity of the arene was 
abolished : 


Temp. 46° above 47° 44° above 50° 49° above 49° 52° 
below 51° below 55°. below 52°. 
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Notes on the experiments :—~ 

Rabbit 1. At 46° the reaction is abolished on the 
Conductivity disappears permanently after several repetitions of this — = the 

post-ganglionic fibres rentaining irritable. 

Rabbit 5. 45:5° quickly and permanently destroys conductivity in left ganglion. The 


right ganglion irritable at 43° but at 44° the ——— is first slowed and then 
abolished. 


and left ganglia respectively, the two methods giving — the same value (23°) as 
the lower temperature limit. 


ganglion and nerve was exceptional and there was a possibility of the nerve having 
been injured, The values were 19° for the nerve and between 29° and 32°5° for the 
ganglion. 

Rabbit 10 showed that the conductivity of the pre-ganglionic nerve was not abolished at 
5:5° but that it ceased conducting at 3°. 

The opposite nerve ceased conducting between 50° and 56°. | 

Cat B. Conductivity of pre-ganglionic nerve was not inhibited by a temperature of dire 
lower temperatures were not tried, 

The post-ganglionic nerve acted well at about 7° but not at a . slightly lower 

temperature. The cold must however have been conducted to the ganglion itself. 

The iris refused to work if saline solution below 20° was circulated in the anterior 
chamber by means of an inlet and outlet hypodermic needle. | 

Cats C-and D, The degree of cold sufficient to arrest the impulse in the nerve was 
considerably lower than that required for the ganglion. 

Both irritability and conductivity of the nerve were s involved, as the point of 
stimulation was cooled. 


In rabbits, the average temperature below which the ganglion 
refused to carry an impulse to the pupil was about 25°. The cause of 
the considerable individual variation I do not know. Howell has found 
the same variability in nerves—especially in rabbit’s nerves. Probably 
there are many causes, such as initial condition of the animal and its 
nerve-cells, variations in the strength of the stimulus and in the ability 
of the nerve to conduct them to the ganglion. Residual blood-supply to 


_ the dissected ganglion is probably not very important, as I have shown 


in a former paper, that this ganglion can work for many hours with 
little or no blood-supply, provided it remains bathed in warm lymph. 
~ In spite of this considerable temperature variation between indi- 
vidual animals, the critical temperature for:each animal is definite, 
1° making all the difference between full activity and paralysis. Half 
a degree would generally render the reaction slower or less complete. 
The nerve trunk itself remains irritable at a much lower.temperature 
than the ganglion. The upper temperature limit varied between 45° 
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and 50° in the different cases. The activity of the ganglion could be: 
destroyed temporarily, and then irrecoverably oe oF increasing 
the intensity or duration of the ‘heat. 

In the irrigation experiments, it was remarkable to see the 
delicate ganglion acting well at the uncomfortable —_— of 
50°C. (122° F.). 

In the four experiments performed on cats, the lower temperature 
limit was a good deal lower (10—18°C:). Contributory causes to this 
may be the much greater vigour of the pupil-dilator mechanism of 
the cat, and its greater range of movement. Slighter stimuli were 
efficacious in the cat; and the maintenance of the nutrition of the 
nerve trunk was enhanced by not dissecting it away from the vagus till 
the ganglion was reached. 

Both pre- and post-ganglionic trunks required.a considerably lower 

temperature to abolish their irritability. The ganglion also must have 
suffered from the near neighbourhood of the source of cold in the post- 
ganglionic experiments, so that the temperatures observed, in the case 
of nerve trunks, make no pretensions to accuracy, specially in the few 
observations on the post-ganglionic fibres. They are only intended to 
show that the nerve fibres are active at temperatures which paralyse 
the ganglion. 
_ In case any stray nerve cells should have escaped the heating or 
cooling process, the post-ganglionic fibres between the ganglion and the 
skull were searched for nerve cells, but none were found, There were 
numerous medullated fibres (in the cat, not in the rabbit), but these 
are all genuinely post-ganglionic“. 

The upper limit of temperature was also rather more extreme than 
in the rabbit; nothing below 52° being sufficient to abolish conductivity 
through the ganglion, while about 2° below this produced a recoverable 
state of paralysis. 


CONCLUSIONS. 


It appears that in the upper cervical ganglion of the rabbit and 
€ati— 

(1) There is an upper temperature limit (about 50° C.) which 
paralyses the ganglion. If this temperature is not exceeded or too long 


1 The post-ganglionic fibres were cooled by resting them in a hook made of very fine 
metal tubing carrying a current of very cold brine circulating under pressure. 
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Notes of the experiments :~ 


Conductivity disappears permanently after several repetitions of this temperature,, the 

__post-ganglionic fibres remaining irritable. 

Rabbit 5. 45°5° quickly and permanently destroys conductivity in left ganglion. The 
right ganglion irritable at 43° but at 44° the reaction is first slowed and then 
abolished, 


Rabbit 8. Wilts both tried on the right 
and left ganglia respectively, the two methods on tt the same value (23°) as 
the lower temperature limit. 


ganglion and nerve was exceptional and there was a possibility of the nerve having 
been injured. The values were 19° for the nerve and between 29° and 32-5° for the 
ganglion. 

Rabbit 10 showed that the conductivity of the pre-ganglionic | nerve was not abolished at 

5°5° but that it ceased conducting at 3°. 
The opposite nerve ceased conducting between 50° and 56°. 


Cat B. Conductivity of pre-ganglionic nerve was not inhibited by a temperature of 7°,— 
lower temperatures were not tried, 
The post-ganglionic nerve acted well at about 7° but not at a slightly lower 
temperature. The cold must however have been conducted to the ganglion itself. 
The iris refused to work if saline solution below 20° was circulated in the anterior 
chamber by means of an inlet and outlet hypodermic needle. 


Cats C-and D. The degree of cold sufficient to arrest the impulse in the nerve was 
considerably lower than that required for the ganglion. 
Both irritability and conductivity of the nerve were involved, as the point of 
stimulation was cooled. 


In rabbits, the average temperature below which the ganglion 
refused to carry an impulse to the pupil was about 25°. The cause of 
the considerable individual variation I do not know. Howell has found 


the same variability in nerves—especially in rabbit’s nerves. Probably 


there are many causes, such as initial condition. of the animal and its 
nerve-cells, variations in the strength of the stimulus and in the ability 
of the nerve to conduct them to the ganglion. Residual blood-supply to 
_ the dissected ganglion is probably not very important, as I have shown 
in a former paper, that this ganglion can work for many hours with — 
little or no blood-supply, provided it remains bathed in warm lymph. 

- In spite of this considerable temperature variation between indi- 
vidual animals, the critical temperature for each animal is definite, 
1° making all the difference between full activity and paralysis. Half 
a degree would generally render the reaction slower or less complete.. 

The nerve trunk itself remains irritable at a much lower temperature 
than the ganglion. The upper temperature limit varied between 45° 
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and 50° in the different cases. The activity of the ganglion could be. 
destroyed temporarily, and then irrecoverably destroyed by increasing 
the intensity or duration of the ‘heat. 

In the irrigation experiments, it was remarkable to see the 
delicate ganglion acting well at the uncomfortable. of 
50°C. (122° F.). 

In the four experiments performed on cats, the lower temperature 
Limit was a good deal lower (10—18°C.). Contributory causes to this: 
may be the much greater vigour of the pupil-dilator mechanism of 
the cat, and its greater range of movement. Slighter stimuli were 
efficacious in the cat; and the maintenance of the nutrition of the 
nerve trunk was enhanced by not dissecting it away from the vagus till 
the ganglion was reached. 

Both pre- and post-ganglionic trunks required.a considerably lower 
temperature to abolish their irritability. The ganglion also must have 
suffered from the near neighbourhood of the source of cold in the post- 
ganglionic experiments, so that the temperatures observed, in the case 
of nerve trunks, make no pretensions to accuracy, specially in the few 
observations on the post-ganglionic fibres’. They are only intended to 
show that the nerve fibres are active at temperatures which paralyse 
the ganglion. 

In case any’ stray nerve cells dual have escaped the heating or 
cooling process, the post-ganglionic fibres between the ganglion and the 
skull were searched for nerve cells, but none were found. There were 
numerous medullated fibres (in the cat, not in the rabbit), but these 
are all genuinely post-ganglionic". 

The upper limit of temperature was also rather more extreme than 
in the rabbit; nothing below 52° being sufficient to abolish conductivity 
through the ganglion, while about 2° below this produced a recoverable 


state of paralysis. 


ConcLusIons. 


It appears that in the upper cervical ganglion of the rabbit and 


cat:— 


(1) There is an upper temperature limit (about 50° C) which 
paralyses the ganglion. If this temperature is not exceeded or too long 


1 The post-ganglionic fibres were cooled by resting them in a hook made of very fine 
metal tubing carrying a current of very cold brine circulating under pressure, 
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applied, the ganglion will recover on cooling. Otherwise the paralysis 
is permanent. — 

(2) Similarly there is a lower soups limit which, if exceeded 
(even by one degree), will at once produce complete paralysis. This 
paralysis is always quickly recovered from on slightly warming. 
(8) This lower temperature limit is always considerably higher — 
than that necessary to abolish the conductivity of pre- or post-ganglionic 
nerve fibres. 

(4) These upper and lower temperature limits are definite and 
sharply marked off in each animal experimented upon, but vary some- 
what with different individuals of the same or different species. 

_ The most extreme human. temperatures compatible with recovery 
lie just within the upper and lower temperature limits determined 
experimentally above. 
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THE MOVEMENTS AND INNERVATION OF THE 
SMALL INTESTINE. By W. M. BAYLISS anp E. H. 
STARLING. (Eleven Figures in Text.) 


(From the Physiological Laboratory, University College, London.) 


In a previous paper under the above title, we dealt only with the 
small intestine of the dog. It was of considerable importance to extend 
these observations to other animals in order to ascertain whether the 
conclusions arrived at in the first paper held good only for the dog or 
whether they were ¢ general application. 


IL. 
THE SMALL INTESTINE OF THE RABBIT. 


Methods. ‘The methods adopted in the investigation. of the move- 
ments of the rabbit's small intestine were very similar to those adopted 
in our previous research. We found however that the wall of the 
rabbit's intestine was at the same time too delicate and too excitable to 
give any reliable results with the enterograph, so that all our tracings . 
were obtained’ by the insertion of a rubber balloon in the lumen of the 
gut. This was distended with air under the pressure of about one inch 
of water, and connected with a piston recorder. The much greater 
excitability of the rabbit’s intestine as compared with that of the dog, 
and the mode of its contraction may render the balloon method 
unreliable unless controlled by ocular inspection. At th? same time 
the spontaneous variations in the activity of the gut renders the 
method of simple inspection in many cases misleading, although obser- 
vations of this character have the advantage that they can be carried 
out without the introduction of an abnormal irritant like the balloon 
into the lumen of the intestine. 


Behaviour of the enervated intestine. Local reflemes. 
In order to cut off the intestines from the influence of the central 
nervous system, both vagus nerves were divided, and the spinal cord 
PH, XXVI. 10 
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destroyed by pithing from the 4th or 5th dorsal nerve downwards. In 
some cases, both splanchnic nerves were divided in addition, but this 
was subsequently found to be unnecessary. The animal was then 
placed in a bath of warm normal saline, the abdomen opened, and the 
intestines allowed to float freely in the bath. 

In animals treated in this way, the intestines on exposure are found. 
to be in a state of great activity, the writhing “ pendulum” movements 
being especially well marked. In addition to these movements, true 
peristaltic contractions may often be observed at several points of the 
gut. Where these are going on, the gut is constricted to a cord and 
blanched over a length of 1 to3cm. This constriction advances slowly 
down the intestine driving before it intestinal contents and air, which 
bulge out the walls of the intestine below the constriction. On 
pinching the intestine at any spot, the excitation is seen to spread 
upwards and a constriction is produced which, at first at any rate, is 
most marked about 1 or 2 cm. above the stimulated point. An 
inhibition below the stimulated spot is not very apparent. A short 
distance below the writhing movements may be as pronounced as in 
any other portion of the gut. The same ascending excitation may be — 
produced, as was shown by Nothnagel, by the direct application of a 
crystal of common salt to the external surface of the intestine. In some 
cases, in consequence of the use of too much force in stimulating or of 
the presence of some irritating material in the lumen of the intestine, a 
constriction which lasts a considerable time may occur just above the 
excited spot. This constriction is not inhibited as a rule by stimulation 
of the intestine above. Descending waves of constriction pass down 
and die away just above the permanently constricted ring. _ 

If a bolus of cotton wool and vaseline or a distended balloon be 
inserted into the gut, it is rapidly driven down. This movement is 
effected by an advancing wave of constriction, which is most marked at 
about 1 or 2 cm. above the bolus. In the region of the bolus itself, the 
gut is generally relaxed, and the state of relaxation must extend a 
short distance below. Thus if the balloon be connected with a piston 
recorder, it may be rapidly driven along the intestine without any sign 
of intestinal contraction being displayed on the tracing. The longi- 


tudinal fibres of the gut seem to take a prominent part in the peristalsis. 


The intestine appears to be drawn over the bolus by the contraction of 
the longitudinal fibres above, the amount of force spent on driving on 
the bolus being apparently only small. If the bolus in its course arrive 
at a region where the gut is constricted from continual irritation, its 
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progress is stayed, and the wave of contraction either dies away or more 
generally passes over the bolus to the constricted ring. The same thing . 
. occurs if the onward progress of the bolus be prevented in any way, the 
wave passing over the bolus and down the intestine below it. 

Thus from simple inspection we may conclude that the intestine is 
the seat of two kinds of contractions—rhythmic contractions giving rise 
to the pendulum movements and running rapidly down the intestine, 
and slow peristaltic waves generally evoked by some special stimulus. 
The latter are evidently due to an excitation which spreads up the 
intestine from any excited spot. The evidence of a descending inhibi- 
tion is, however, less marked, although in the normal gut the advancing 
wave of constriction is always preceded by a short length in which the © 
intestine is distended by air or other contents. 

These conclusions are borne out by an investigation of the activity — 
_ of the intestine by the graphic method. | 

Intestinal rhythm. The intestinal wall separated from the central 
nervous system is constantly the seat of rhythmical contractions 
occurring 10 to 12 times a minute, and apparently involving both 
muscular coats, although we could not definitely ascertain this point 
by means of the enterograph. As in the dog, these contractions are 
- increased in amplitude within limits by increased tension and in 
rhythm by increasing the temperature of the bath. They occur in the 
excised intestine long after all traces of local reflexes have disappeared, 
and are probably to be regarded, like the similar contractions of the 
dog, as myogenic. 

- Local reflewes. The ascending excitation, as the result of a local 
stimulus, either a pinch, or a sudden distension of the balloon, or the 
application of sodium chloride, is always well-marked and easy to 
evoke. In the experiment from which Fig. 1 is taken, two balloons 
were placed in a loop of the small intestine, their ends being 2 cm. 
apart. The upper balloon was connected with the piston recorder, and 
was maintained at a constant moderate distension. The lower balloon 
could be distended at will by the injection of fluid into it. It will be 
seen that the first distension caused simply a slight augmentation of the 
contractions of the intestine in the neighbourhood of the upper balloon, 
whereas a second longer distension caused a strong tonic contraction with 
rhythmic intermissions. On inspection this contraction was seen as a 
broad constricted band which did not die away but passed over the 
balloon and down the intestine. This ascending excitation generally 
first takes effect over 2 or 3cm. of the gut above the stimulated point. 
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‘In no case have we observed a spread of excitation more than 5 or 6.cm. 
above the stimulated spot. 


Fig. 1. Tracing of intestinal contractions, showing the effect of distension of 
the wall of the gut below the reeorded spot. 


As we should expect from our experiences with the inspection 
method, the descending inhibition, as the result of local stimulation, is 
very much less marked than in the case of the dog. In some cases it is 
impossible to elicit any relaxation of the gut in the neighbourhood of 
the balloon by the application of a stimulus higher up, the normal 
stimulus, due to the presence of the balloon, being more than sufii- 
cient to counteract the descending inhibitory impulses. But we have 
observed this inhibition sufficiently often to learn something of its 
peculiarities. It never extends down the intestine more than 3 or 4cm., 
1.¢. about the space occupied by the bubble of gas which precedes each 
peristaltic wave to be observed in the freshly expused gut. 

Not only is the inhibition limited in extent; it is also limited in 


- time. A short stimulus causes in the gut immediately below a dimi- 


nution of tone with a dropping or decrease of one or two beats (Fig. 2). 
A continuation of the stimulus is without effect in prolonging the 
inhibition. In fact, in many cases the contraction excited above the 
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stimulated spot extends over this spot and travels down the intestine, 
so that a record of the intestinal contractions below the point of 


Fig. 2. Tracing of intestinal contractions, showing temporary inhibition 
as a result of pinching intestine above recorded spot. 


excitation shows a temporary slight inhibition followed by a strong 
contraction (Fig. 3). 


Fig. 8. Tracing to show effects of pinching above balloon. A temporary inhibition 
_ is followed by excitation propagated from _ excited point. (Middle line shows 
duration of 


We thus see that fundamentally the activity of the rabbit’s intestine 
resembles that of the dog’s. In each case local stimulation causes 
excitation above and inhibition below the excited spot. The differences 
between the intestine in the two cases are of degree only, and are 
probably intimately connected with the different alimentary conditions 
of the two animals. In the dog the intestine is short and thick-walled. 
A strong peristaltic wave could empty practically the whole small 
intestine. The amount of contents in the alimentary canal is never 
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very large, and long periods occur during which the intestines are 


practically empty. In a herbivorous animal, such as the rabbit, feeding 
is almost continuous, the stomach is always full, the intestines are 
very long and their contents considerable. A single peristaltic wave 
sweeping down the gut and inhibiting all activity before it would throw 
a considerable strain on the tender walls of the intestine. These are 
saved, as we have already shown, by being pulled in a relaxed condition 
over the bolus. There is no forcible pushing of the. bolus against the 
resistance of the intestinal wall. This mode of passage of contents 
along the intestine would be clearly inapplicable to a great mass 


occupying perhaps 2 or 3 feet of gut. Hence peristalsis in the rabbit's 


intestine is made more discrete, each segment of gut moving on the 
contents which may happen to be in it, without reference to what is 
going on in the intestine above or below. A clashing of activities of 
various parts can hardly occur, since a peristaltic wave, driving an 
easily moving bolus against a constricted ring does not inhibit this 
latter, but the bolus remains in position until the constriction below it 
has passed on down the intestine, or relaxed in consequence of removal 
of its exciting cause. It is probable, therefore, that we should find very 
similar conditions of intestinal activity in all the other herbivora. 


Extrinsic innervation of the itestines. 


In the rabbit as in the dog, the intestine receives fibres from the 
sympathetic through the splanchnic, and from the two vagi. The 
action of these nerves has been studied by observing the effects of their 
excitation on the activity of a loop of intestine in which a balloon was 
inserted, the balloon being connected with a piston recorder. 

Action of splanchnic nerves. Although various authors have de- 
scribed motor effects as resulting from the stimulation of the splanchnic — 
nerves both in the dog and in the rabbit, we have been unable in either 
of these animals to obtain anything except purely inhibitory results, and 
are inclined, therefore, to ascribe the motor results obtained by other 
observers either to faulty methods of experiments, or to a mistaking of 
the resumption of the normal activity at the cessation of stimulation to 
the effects of the stimulus itself. In Fig. 4, we give a tracing of such 
an inhibition resulting from the stimulation of the left splanchnic nerve 
in the rabbit, with a moderate faradic current. In this, as in all 
othet experiments, the cord was destroyed from the 5th dorsal nerve 
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downwards, and both vagi divided in order to avoid any central or 
_ reflex variations of intestinal activity. 


marker 


Fig. 4. Tracing to show effect of splanchnic stimulation. 


Exactly the same effect may be produced by stimulation of the 
mesenteric nerves, and may be often obtained by exciting these nerves 
several minutes after the intestine has been cut out of the body, 
showing its independence of the coincident vascular effects of splanchnic 
excitation. So far as we could make out, the relaxation affected both 
coats equally. On no occasion could we detect a shortening of the 
intestine as the result of splanchnic stimulation. The inhibition affects 
all parts of the small intestine alike, and abolishes for a time not only 
the rhythmic myogenic contractions, but also any peristaltic constrictions 
which may be present at the moment of stimulation. 

Influence of the vagi. The augmentor effect of the vagi on the 
intestinal movements was first observed in the rabbit, and has, we 
believe, never been denied for this animal. It is obtained with much 
greater ease than in the dog and is often observed the first time that 
the vagus is stimulated. Both vagi are equally effective (Fig. 5.) On 
inspection, all parts of the small intestine are influenced in the direction 
of increased activity, although the increase is more marked in the 
neighbourhood of the recording balloon or the seat of any special 
stimulation. There is one striking difference between the vagus action 
in the rabbit and in the dog. In the former animal, there is no trace 
of the preliminary inhibition, which is so constantly observed as the 
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result of stimulating the vagus in the dog. Since the rabbit’s intestine — 
differs from that of the dog chiefly in the very limited extent of the 


Fig. 5. Tracing to show effect of excitation of vagus on intestinal activity. 
At a the right vagus, and at b the left vagus was excited. 


descending inhibition resulting from ‘the local stimulus, we are inclined — 
to regard the preliminary inhibition occurring in the dog, not as the 
direct result of stimulating inhibitory fibres in the vagus, but as the 
consequence of a state of excitation occurring higher up in the alimen- 
tary canal. This view however we would put forward with some 
reserve, since we may sometimes obtain a well-marked preliminary 
inhibition as the result of stimulation of the vagus in the cat, although 
in the same experiment it may be impossible to elicit any form of local 
reflex, either ascending excitation or descending inhibition. (See next 
Section.) 

The greater ease of obtaining vagus augmentor effects in the rabbit 
as compared with the dog seems to be merely a part of the general 
preponderance of the motor activities of the gut in the former animal. 

Effect of anemia. It is a common experience that cessation of the 
circulation in the rabbit causes increase of the intestinal movements, 
so that in a recently killed animal, for example, these organs are found, 
on opening the abdomen, to be in a state of great activity. In this 
respect there is a marked difference between the rabbit and the dog, 
where death of the animal is followed almost at once by a cessation of 
all intestinal movements. We were surprised therefore, on investigating 
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the effect of anemia on the enervated intestine, to find that, although 
less marked than in the dog, it was in the same direction, +.e., of dimi- 
nished activity. (Fig, 6.) 


Fig. 6. Effects of anmmia (aortic obstruction) on activity of enervated intestine. 


We are therefore inclined to ascribe the post-mortem activity of 
the intestines in the rabbit, not to the anemia or asphyxia of the 
intestinal wall, but to the paralysis of the nerve-centres, and the con- 
sequent cutting off of the intestines from all inhibitory impulses. It is 
quite possible, as Engelmann suggests, that when the vagi are intact 
we have superadded a distinct motor effect due to central stimulation 
of these nerves resulting from the asphyxia. In a rabbit, with all the 
nerve-connections of the intestine intact, cutting out a loop of intestine 
increases for a time its activity, and in such a loop it may for a time be 
possible to elicit local reflexes wnen could not be obtained with the 
intestine in siti. 


IL 
THE SMALL INTESTINE OF THE CAT. 


The similarity between the intestine and alimentary habits of the 
dog and cat led us to anticipate that we should find a very exact 
correspondence between the properties of the intestines of the two 
animals. We were much surprised to find in the majority of our expe- 
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riments a total absence of all local reflexes. In these experiments the 
 enervation was effected either by destruction of the spinal cord from 
the 4th dorsal nerve downwards, or in most cases by an extirpation 
of all the ganglia and nerve-fibres lying on the abdominal vessels. The 
anesthetics were varied from experiment to experiment. In turn, 
A.C.E, mixture, ether, chloroform, morphia, were employed and in some 
curare was given in addition. We also tried the effect of anzsthesia 
_ produced simply by cutting off the brain. In all these cases however, 

the intestines were found very inactive on opening the abdomen in the 
bath of warm normal saline. On inserting a balloon into the lumen of 
the gut, rhythmical contractions of the intestine were observed, which 
increased in amplitude with the duration of the experiment. In nearly 
all cases these contractions were most marked at about the centre of 
the balloon, ¢.¢., the region of greatest tension; and we did not notice 
the constricted ring above the balloon, which is so marked a feature in 
the rabbit as well as in the dog, under the conditions of our former 
experiments. Stimulation of the gut above or below the balloon had 
absolutely no effect on the contractions. A strong pinch caused a local 
contraction which lasted a short time and then gradually died away, 
without-spreading in one direction or the other. 

_ On extending our observation to kittens, the same inexcitability of 
the local nervous system was observed. One of these experiments 
however showed us that the local reflex mechanism was in abeyance 


a b c | d 


Fig. 7. Local reflexes in kitten’s intestine, after asphyxia. At a, c, d, the intestine 
was pinched below the balloon. At d the pinch was applied above the balloon. 
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rather than absent, At the end of the experiment, the kitten, which 
had ceased to breathe spontaneously, was allowed to die of asphyxia. 
Five minutes afterwards the intestine was again stimulated below the 
recording balloon, and was now found to give a well-marked local re- 
action. (Fig. 7.) The intestine, which was previously at rest, contracted 
forcibly in the neighbourhood of the balloon each time the intestine 
was pinched 2 cm. lower down. A descending inhibition was appa- 
rently also to be obtained in this case but, owing to the absence of 
spontaneous contractions, we could not be certain on this point. 

We then remembered that we had made a routine practice of — 
administering a dose-of castor oil to the dogs used in our former expe- 
riments, On repeating our experiments’ on cats, which had received 
an ounce of castor oil the day before, we found that this drug had a 
distinct influence on the activities of the local nerve-centres. In 2 
out of the 3 experiments, the local reflexes were well-marked. The in- 
testines on exposure, after the extirpation of the abdominal ganglia, 
were in a state of activity and presented spontaneous peristaltic con- 
tractions. Stimulation below the balloon caused an increase in the 
contractions of the intestinal wall in the neighbourhood of the balloon, 
whereas stimulation above caused an inhibition. (Fig. 8.) 


Fig. 8. Local reflexes in enervated intestine of cat. a and b intestine | 
pinched below. At ¢, pinch above. 


These results, although perfectly definite, could not be obtained 
with the same facility as in the dog, and any segment of gut apparently 
soon lost its power of local reaction on repeated stimulation, Having 
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gained however definite evidence of the presence of local reflexes in 
the cat’s small intestine, we did not think it worth while to spend more 
time in trying to ascertain the causes of the frequent absence of these 
reflexes. It must be remembered in this connection that the cat is 
still more purely carnivorous than the dog, and therefore requires a 
much more seldom intestinal activity. - 

Extrinsic innervation of the cat's small intestine. 

The action of the splanchnic and vagus nerves on the small intestine 
of the cat is exactly analogous to their action in the dog. Stimulation: 
of the splanchnic nerves causes well-marked inhibition, accompanied 
by but not dependent on constriction of the blood vessels (Fig. 9). 
In no case have we observed any trace of a motor influence of these 


nerves on either coat of the intestine, although there may be occasion- 
ally a slight augmentation of the contractions which immediately follow 


Fig. 9. Tracing to show inhibitory influence of splanchnic nerve on 
intestine of cat, 


. the inhibition. Stimulation of the mesenteric nerves has the same 
effect as stimulation of the splanchnic nerves (Fig. 10). __ | ‘ 
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It is interesting to note that the inhibitory effect of the splanchnics 
as well as the motor effect of the vagi, may be obtained with com- 


Fig. 10. Tracing of contractions of kitten’s intestine, showing inhibition 
due to stimulation of mesenteric nerves. 


parative ease in animals in which there is no trace of local reflexes. In 
the kitten, from which Fig. 10 was taken, the rhythmic contractions 
represented at the beginning of the tracing were apparently limited to, 
or at any rate best marked at the centre of the balloon, and could not 
be influenced by stimulating the intestine either above or below the 
balloon. This independence of extrinsic and intrinsic innervation 
would seem to show that the extrinsic nerves influence the muscular 
fibres of the gut directly, and not through the intermediation of the 
local nervous mechanisms contained in Auerbach’s and Meissner’s 
plexuses. This conclusion would agree also with that arrived at by 
- Langley, viz. that the splanchnic fibres to the muscular coat of the 
intestine correspond to the general law in having only one cell station, 
which in their case is situated almost exclusively in the ganglia of the 
solar plexus. 

The result of stimulating one vagus (after administration of atropin) 
is shown in Fig. 11. It will be noticed that the initial inhibition is as 
well marked in the cat as in the dog. The fact that it was impossible 
to obtain evidence of local reflexes or descending inhibition, in the 
experiment from which this tracing was taken, presents a serious 
objection to the view put forward in the last section as to the causation 
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of the initial vagal inhibition. This difficulty we are not at present © 
in @ position to remove. 


Fig. 11. Influence of vagus and splanchnic nerves on cat’s intestine. 


CONCLUSIONS. 


1. The general laws with regard to the activity of the small in- 
testine, previously deduced by us from experiments on dogs, are in 
the main applicable also to the small intestine of the rabbit and cat. 

2. In both animals two kinds of activity may probably be distin- 
guished— 

(a) Myogenic rhythmic contractions (‘pendulum ’ movements). 

(b) True peristaltic contractions. These depend for their pro- 
duction on the activity of the local nervous structures of the intestine, 
as judged by the presence or absence of the local intestinal reflex 
(contraction above and inhibition below an excited spot). 

3. The main difference between the various animals lies in the usual — 
activity of the viscus. In the rabbit with great aud constant activity, 
ascending excitation is very pronounced, descending inhibition very 
limited both in time and extent, whereas in the dog inhibition is 
‘always more easily evoked and more marked than excitation. 

4. In all animals investigated the vagus acts as the motor nerve 
and the splanchnic as the inhibitory nerve to the small intestine (both 
coats). We have observed no trace of any motor action of the — 
nics on either coat. 
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ON THE EFFECTS OF VENOUS OBSTRUCTION ON 
THE SECRETION OF a By D. H. DE SOUZA, B.Sc. 


(Two Figures in Text.) 
(From the Physiological Laboratory, University College, inde 
TILL quite recently all physiologists have agreed in stating that ligature 


of the renal veins causes a cessation of urinary secretion. This fact 
plays a prominent part in Heidenhain’s arguments against the 
mechanical conception of the processes taking place in the renal 
glomeruli, although Ludwig had previously attributed the stoppage 
of flow to the mechanical obstruction on the urinary tubules by the 
dilated venules, Paneth’, working under Heidenhain’s guidance, 
showed that partial obstruction of the renal veins acted in the same 
direction as complete obstruction, «.¢. in diminishing the urinary flow, 
_ and similar results were arrived at by Setschenow. 

In a recent paper however, Schwarz’ states that ligature of the 
renal veins always causes extensive clotting in these vessels. He 
ascribes the cessation of urinary secretion not to the venous obstruction 
- but to the clotting, and states that if by a process of preliminary 
_ defibrination the dog’s blood be rendered uncoagulable, and the clotting 
in the renal veins thus prevented, ligature of these vessels causes not a 
diminution but an increase in the secretion of urine. This statement, 
if true, is of such importance for the general theory of urinary secretion, 
that at Professor Starling’s suggestion I have reinvestigated the whole 
question of the effects of venous obstruction on the renal activity, paying 
especial attention to the repetition of the experiments of Schwarz. 

In each case a dog was the subject of experiment. The anesthetics 
used were morphia and A,C.&. mixture. Cannule were placed in both 
ureters from the groin, and the urine was collected in a cylinder 
graduated to tenths of a cubic centimetre. In the first three experi- 
ments the renal vein was exposed from behind and a ligature tied 
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loosely round it, the ends being brought out through the incision, so 
that at any moment the ligature could be tightened and the vein 
obstructed. A cannula was placed in one carotid artery for the purpose 
of taking the blood-pressure, and in one carotid artery and one jugular 
vein in those experiments in which the blood was defibrinated, in order 
to remove and return blood as required. As a control, the first experi- 


_ ment was performed without defibrinating the animal. The preceding 


tables show the results obtained. 


On examining Sch warz’s results one notices how small the urinary 
flow was in his experiments, Considering the tendency to hemorrhage 
in dogs whose blood has been defibrinated, it seemed to us probable 
that his results were due to low blood-pressure. Accordingly section of 
the spinal cord was tried in the next experiment. 


EXP. 8. Dog, 6 kilos. Morphia 4 gr. A.C.E. 
Spinal cord divided at level of fourth dorsal vertebra. 
Blood not defibrinated. 


Flow from right ureterine.c. 08 11 06 Ildrop 05 02 


Flow from left _,, 11 10 =$&:ldrop® oO 0 
Blood-pressure in mm. Hg 52 40 
Time in minutes 10 10 10 10 10 10 10 


® Left renal vein ligatured at beginning of this period. 
On immediate post mortem examination no clots were found in the renal veins. 


Here again the ‘sole effect of the ligature of the renal veins was to 


' diminish the secretion of urine to zero. Neither in this nor in any 


other experiments have we obtained any clots in the renal veins as the 
result of ligature, and it seemed to make no difference to the results 
of the experiment whether the blood was rendered uncoagulable by 
defibrination or not. It must be remembered, however, that in all 
these experiments the obstruction of venous outflow was absolute, 
except so far as concerns that by the capsular veins, and it is evident 
that a complete stoppage of the blood flow through the glomeruli must 
be rapidly followed by such concentration of the blood in these vessels 
that further transudation must become impossible. I thought that 
perhaps one might obtain a less complete obstruction by blocking not 
the renal veins, but the inferior cava between the liver and the 
kidneys. Under these circumstances the blood*from the kidneys would 
still be able to take a devious path back to the heart through the 
venous anastomoses in the body wall. Accordingly I performed two 
experiments in which a tube with a rubber capsule at its extremity was 
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passed through the right jugular vein and right auricle into the inferior 
cava. By distending the capsule with water the inferior cava could be 
obstructed in any situation required. The results of such an experiment 
are given in Exp, 4. 

One of these experiments furnishes a striking example of an im- 
portant fallacy which may arise in experiments on urinary secretion. 
I allude to the spontaneous variations in the secretory activity of the 
kidneys which may occur apart from any operative interference, and for 
which it is impossible to find any adequate cause, such as a recovery 
from angsthesia or a sudden rise of blood-pressure. We must, I 
believe, ascribe such variations to spontaneous changes occurring in the 
vessels of the kidney itself, perhaps limited to either afferent or efferent 
vessels of the glomeruli. In the experiment in question both kidneys 
were secreting at the rate of-*5cc. in ten minutes; the rate then 
rose slightly so that between 1.0 and 1.25 p.m., 4°66 c.c. of urine were 
secreted by the kidneys, the blood-pressure being 144mm.Hg. At 
1.30 the obturator was introduced through the jugular vein into the 
inferior cava, but was not blown up, since it was noticed that the flow 
of urine was becoming much more rapid. The obturator was therefore 
withdrawn again so as to lie in the jugular vein, in order to avoid any 
suspicion of obstruction of the renal veins. From 1.35 to 1.45, 7 c.c. of 
urine were secreted, and during the next two intervals of ten minutes 
12cc., and then 14 .c.., the blood-pressure meanwhile having sunk 
- slightly, from 144 mm.Hg. to 122mm.Hg. The inferior cava was then 
obstructed below the diaphragm, and the total secretion of urine fell at 
once to 1‘7 ¢.c. in the ten minutes, : 

These occasional spontaneous variations in renal activity may totally 
upset a series of experiments in which the influence of changing 
conditions on urinary flow is the subject of investigation, and merely 
demonstrate that in no case hitherto have we been able to control all 
the factors which may modify the secretion of urine. 

We also tried the effect of ligature of the renal vein when the 
animal was in a state of hydremia. The result was still the same. 
Ligature of the vein produced a diminution in the urinary flow on the 
corresponding side. This is shown in Exp. 5 and 6. 

So far, then, all the experiments quoted show that in the majority 
of cases obstruction of the renal vein produces a diminution in the 
urinary flow, and that in the few cases where an initial increase is 
produced, the urinary flow is diminished immediately afterwards, and 
eventually falls off almost to zero if the vein be kept ligatured. 
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It now became important to enquire into the relative effects of 
partial obstruction of the renal vein on the flow of blood through the 
kidneys and on the urinary flow, and to try to get unaltered blood-flow 
with increased pressure. 

Method. As in the previous experiments, cannule were placed in 
both ureters from the groin, and the urinary flow estimated as already 
described. A cannula was placed in one carotid artery for taking the 
blood-pressure, and cannule were also placed in the other carotid 
artery and in one jugular vein for purposes of defibrination. The 
blood was defibrinated five times. The abdomen was then opened in 
the middle line and a cannula inserted into the left renal vein. 

The cannula in the jugular vein used in defibrinating was now 
connected by means of a rubber tube with the lower end of a vertical 
glass cylinder. A long rubber tube attached to the cannula in the 
renal vein was supported with its other end hanging into the upper 
part of the cylinder. By these means the blood from the renal vein 
could be introduced into the circulation by way of the jugular vein. 
The cylinder was surrounded by an outer glass cylinder containing 
water. This was kept at body temperature by a ring of gas-burners, so 
that the blood entering the jugular vein was never much below body 
temperature. 

To estimate the blood-flow the free end of the rubber tube from the 
renal vein was directed into a graduated cylinder, and the time taken to fill 
10c.c. noted. From this the blood-flow in ¢.c. per min. was calculated. 
In Exp. 7 the pressure in the renal vein was altered by introducing 
cannule of different sizes into the free end of the rubber tube from the 
vein, In Exp. 8, and at the end of Exp. 7, changes in pressure were 
produced by changes i in the height of the free end of the rubber tube 


above the renal vein. 


Exp. 7 and 8 show the results obtained. 

These results are well shown in the accompanying diagrams The 
curves have been plotted from the numbers obtained in the last two 
experiments and show at a glance the blood-pressure in the carotid 
artery and the simultaneous blood-flow through the renal vein, urinary 
flow on the corresponding side, and in Exp. 8, pressure in the renal vein. 

In all cases intervals of time were measured along the abscissa line 
and the minute was taken as unit. The ordinates of the continuous 
curve in Exp. 7 and of the thick continuous curve in Exp. 8, represent 
the pressures in the carotid artery in millimetres of mercury. The 
ordinates of the broken curve represent the blood-flow in cubic 
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centimetres per. minute; those of the dotted curve the urinary flow 
in tenths of a cubic centimetre per 10 mins. In plotting this last 
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Fig. 1. To illustrate Exp. 7. 
Continuous line=arterial blood-pressure. 
Thin dotted line=velocity of flow of blood. 
Thick dotted line=urinary secretion. 


curve the ordinates were measured at the middle of the intervals as 
they represent the average flow for the intervals, not the flow at the 
end of the intervals. The ordinates of the lower continuous curve in 
Exp. 8 represent the pressure in the renal vein in millimetres of 
mercury. The thickened portions of the abscissa line show when an 
injection took place. 

In Exp.7 at A the renal vein was obstructed by a casenle: At B, 
C, and D the vein was again obstructed, but the obstruction was greater 
as a smaller cannula was used. 

At E the pressure in the vein was made — by lowering the 
end of the tube below the table. 
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‘It will be seen, on examining these curves, that rise and fall of 
urinary flow accompany fall and rise of pressure in the renal vein whilst 
the curve of urinary flow is in the same direction as that of blood flow. 
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Fig. 2. To illustrate Exp. 8. 


The result then of these experiments is to confirm in every way 
Heidenhain’s contention that the amount of urine secreted is directly -_ 
proportional to the velocity of the blood-flow through the kidneys, and & 
that any kind of venous obstruction diminishes the secretion by slowing 
the blood-flow. | 

So far however as concerns the general theory of urinary 
secretion, the question remains very much where it was before. 

Obstruction of the renal vein must be a very inadequate method of 
experimentation on the connection between glomerular blood-pressure 
and transudation. We have no evidence that under such circumstances 
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there is a rise of blood-pressure in the glomeruli. It is possible, for 
example, that obstruction to the outflow of blood from the glomeruli 
might result in a constriction of the afferent vessels to these capillaries. 
It is a well-ascertained fact that it is impossible from the renal 
veins or even from the tubular capillaries to inject the glomerular 
capillaries. 

The difficulty of arguing, from the results of obstructing the renal 
veins, as to the nature of the glomerular function may be illustrated 
by the results obtained in experiments on the relation between capillary 
pressure and lymph production in the intestines. If the inferior vena 
cava be blocked between liver and heart, after previous ligature of the 
liver lymphatics in the portal fissure, no increased flow of lymph is 
obtained by the thoracic duct from the intestines. It would be 
erroneous, however, to conclude from such an experiment that the 
lymph production in the intestines is independent of capillary blood- 
pressure. We may expose the intestines and then observe that 
obstruction of the vena cava does not cause any pronounced venous 
engorgement of these viscera. On the other hand we may ligature 
the portal vein and then obtain a very large increase in the intestinal 
lymph production. We must in fact be able to influence experiment- 
ally the calibre of the vas efferens (corresponding to the portal vein) 
before we can come to any definite conclusion as to the influence of 
partial or complete venous obstruction on the glomerular functions, 
and cannot decide the question at issue by experiments on the renal 
vein. 


Data obtained in the above experiments as to the rapidity of the blood- 
flow through the kidneys, enable us to recalculate the percentage degree of 
concentration which must occur in the glomeruli if Ludwig’s theory be 
correct, and the whole urea of the urine be turned out in the glomeruli by 
a simple process of filtration. 

During the day an average man secretes 33 grms. of urea. We have no 
reliable recent determinations of the amount of urea in human blood. 
Schondorff found that dog’s blood contains from 0°035 to 0-15 p.c. of | 
urea. Applying these figures to man we might take the average amount of 
urea in the blood as 0-1 p.c. Hence 33 grams of urea would be contained in 
33000 c.c. of blood or of blood filtrate, ¢.¢. 33 litres of fluid must be filtered 
through the glomerular epithelium in the course of the day. 31°65 litres of 
this amount would be reabsorbed by the tubules. In Experiment 8 the 
kidney weighed 49 grms.’and the blood-flow through it at the beginning 
of the experiment amounted to 10 c.c. in 6 seconds. The average weight of 
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150 D. H. DE SOUZA. 
the human kidney is 150 grams., and hence in 24 hours the amount of blood 
passing through it might be equal to 4 


10x 60 x 60x 24x 150 
6x49 


4.6, cane 441 litres, or 882 litres for the two kidneys. 33 litres is 
only 3:7°/, of this amount, so that Ludwig’s hypothesis of the glomerular 
functions only involves a concentration of the blood in passing through the 
glomeruli by 3:7 per cent. That this concentration is well within the limits 
of physiological possibility is shown by Barcroft’s experiments on the 
submaxillary gland, where during active secretion the blood was found to 
lose as much as 30 per cent. of its water in passing through the gland. 
A possibility however does not necessarily imply probability, and the. true 
function of the tubules must be regarded still as an open question. 


| SUMMARY OF RESULTS. 


1. Ligature of the renal vein is not followed within the duration 
of an ordinary experiment by — of the blood within the vein 
or its branches, 

_ 2. Obstruction of the renal vein, whether partial or complete, 
always causes a diminution or cessation of the urinary secretion. The 
cessation of secretion is not immediate. Since however in our experi- 
ments the urine was collected by a cannula in the lower end of the 
ureter, it is just possible that the secretion occurring within the 
first ten minutes after the ligature of the vein was really occasioned 
by an emptying of the pelvis of the kidney and the ureter of previously 
secreted fluid. 

3. The flow of urine from the kidney is directly proportional 
(other things being equal) to the velocity of the blood-flow se 
the kidney. 

4. The nature of the glomerular function must be regarded as 
_ still undecided. A secretory activity on the part of the cells of the 
glomerular epithelium is still unproven, and a majority of the facts 
may be explained without ascribing to this epithelium other than a 
purely passive function as a filtering membrane, impermeable in most 
cases to proteids. Such an explanation however throws all the work 


of regulation of the urinary composition, either in a acu e or negative 
oe on the cells of the urinary tubules. 
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ON METABOLISM IN FORCED FEEDING. By W. HALE 
WHITE anv E. IL. SPRIGGS. (Three Figures in Text.) 


(From the Physiological Laboratory at Guy's Hospital.) 


CONTENTS. 


Intake and output table. 

The fat. 

The nitrogen. 


VOLUMINOUS as is the literature of Metabolism, there are but few 
observations on record in which an attempt has been made to estimate 
the intake and output of a human being on a varied diet for a long 
period. Those which are recorded extended over short periods, and 
have usually been concerned with an adult of fairly constant weight. 

The observations presented below extended continuously over 
55 days, and during this time there was an increase in weight of 
13°256 kilos: as the initial weight was Dad 23 kilos, this is an addition 
of one-third. 

The subject was a woman aged 38, organically perfectly sound. 
Her height was 5 feet 4 inches (1°63 metres). Under the influence of 
worry, sleeplessness and neglect of her food, her weight had become 
reduced to 39°23 kilos. She was confined absolutely to one room for 
eight weeks, and a responsible nurse was with her night and day for 
the whole time. She was massaged for nearly an hour twice a day, 
except the first and last weeks of the observations, when the massage 
was less. During the first seven weeks she was kept in bed. Every 
article of food and drink was weighed as cooked for the whole of the 
eight weeks, and during the same period all the urine and feces passed 
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were measured and weighed daily. One of us visited the patient every 
day to see that the observations were being correctly carried out. The ~ 
same two nurses had entire charge of the patient during the whole 
period. They were particularly trustworthy, had been thoroughly 
instructed and fully appreciated the importance of accuracy; the 
figures were entered in a book directly the measurements or weights 
were taken; all food left on the plate was weighed and deducted ; no 
one but one of us and the two nurses ever saw the patient, and she ~ 
did not leave her room and was never alone during the period of obser- 
vation; she was not neurotic or hysterical. While fully appreciating 
the difficulties we are convinced that accuracy was as nearly attained 
as is possible in such an experiment. | 


2. METHODS OF ANALYSIS. 


Every two days the total amount of urine and feces passed during 
the previous two days was analysed, All the analyses were performed 
by one of us, and in every case two samples were taken for analysis. — 
The same methods were used for the feces and foods. These were 
dried first in a water oven and then for a short period at 120°C. To 
prevent the formation of soaps, the feces while drying were kept acid 
with dilute sulphuric acid. Fat was estimated by the Soxhlet process, 
the dried and powdered substance being used. The Werner-Schmidt 
process was employed for the estimation of fat in milk. The urine was 
analysed on reaching the laboratory. It was prevented from decom- 
posing by the addition of a few drops of chloroform. The nitrogen 
was estimated by Kjeldahl’s method. 


3. Foon. 


The amounts of food she took daily were about the same as those 
taken by many patients observed by one of us; the total quantity was 
gradually increased and towards the end gradually diminished, any 
two adjacent days always showing about the same quantity; about 
four-fifths of the fat and three-quarters of the nitrogen taken came 
from milk and eggs, the two articles of food the amounts of which it is 
most easy to measure. Our table showing the daily amount. of food 
during this period is printed in Table C in the Appendix to this paper 
and we subjoin the amount in grammes of two days taken quite at 
random. 
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July 4th. Milk, 4324; Benger’s Food, 38; White Bread, 83; Brown 
Bread, 46; Butter, 12; Sole, 42; Mutton, 57; Chicken, 57; Rice 
pudding, 199 ; Sago pudding, 170 ; Potatoes, 83 ; Oatmeal, 6; Bacon, 
14; Cabbage, 142; 7 eggs. 
July 14th. Milk, 4475; Benger’s Food, 38; White Bread, 85; Butter, 
27; Sole, 57; Mutton, 28; Chicken, 71; Rice pudding, 170; Sago 
pudding, 170; Potatoes, 57; Oatmeal, 7; Brown Bread, 46; Mar- 
malade, 14; Cabbage, 43; Peas, 56; Cream, 85; and 8 eggs. 


The physiological heat value of each of these days in kilocalories 
is approximately 5300 and 5660 respectively. When these values are 
compared with the body weight on the days concerned, the heat value 
per kilogram is found to be 113 and 115 kilocalories respectively. 


I. 


Showing the composition of the foods taken. 


in cooked food in cooked food 
Anchovy Sauce 9°02 “72 Milk 4-00 “51 
Bacon 63°15 2°74 Mallet (Red) 8°81 8°92 
Beans (Broad) 1:19 Mutton 14°69 4-40 
eee ) 1°43 “83 Mutton Broth 7°41 1°13 
Benger’s Food 78 1°59 Oatmeal 8-30 2°29 
Bread (Brown) 1:82 1°65 Peas 97 
(White) “19 1-02 Potato “80 *B4 
uce 4°80 “69 Rice Pudding 4°47 “82 
85-00 Sago Pudding 4°53 “91 
Cabbage (Summer) “33 Salmon 5°54 4:17 
per Sauce 6°46 63 Shrimp Sauce 7°65 “83 
Cauliflower 1-71 “48 Smelt 13°42 2-82 
11°54 8°95 50 -60 
Cod “62 3°03 Sole 2°16 8-09 
Cream 23°00 61 Sweetbread 10°79 3°84 
Duck 23°84 3°35 Turbot 21 8°31 
Egg (without shell) 11°65 2°06 Whitebait 41°12 2°15 
»» (Scrambled) 20°70 1°55 Whiting 6°44 3°62 
Haddock “67 2°98 White Sauce 62 
Ham 82-90 3°41 
Lamb 11-21 4°56 One (average of six) contains 6°03 grms. 
Lettuce , and 1-067 grms. of nitrogen. _.. 


Table I. shows the fat and nitrogen in the food analysed as taken by 
the woman. In comparing these figures with those given by other 
observers, the effect of the various operations of cooking will be seen. 
Thus in the case of the duck and many of the fish, fat has been added ; 
the mutton has lost water; fresh boiled peas contain much more water 
than dried peas, and so on. The rice and sago puddings are a mixture 
of definite quantities of rice or sago, eggs, sugar, butter, and milk; a 
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sample of the cooked pudding was analysed, and a similar plan was 
followed for other made dishes. The Benger’s Food, lettuce, marmalade, 
oatmeal, and bread were analysed uncooked. For the eggs, six average 
sized eggs were taken, shelled and mixed together, and samples of the 
mixture estimated. The milk, which was always obtained from the 
same dairy, was analysed on four separate occasions at considerable 
intervals during the first five weeks, and the percentage of fat and 
nitrogen was virtually constant. The mean of the analyses gave the 
same figures as given by Bunge and these were, therefore, employed. 
Allowances being made as above for cooking, our results agree with 
those given in diet tables by Kinig, Almén, Sivén’, and others. 
The figures used for cream and butter, and spinach, were taken from 
published diet tables. 


4. INTAKE AND OUTPUT OF FAT AND NITROGEN. 


The woman was weighed once a week. Table II. shows her weight, 
the fat and nitrogen in the food, and in the excreta. The body weight 
is in kilograms, all other weights being in grams. As the excreta for 
the 27th and 28th July were not analysed, the food figures corresponding 
to those dates are not shown below. 


5. Fat. 


From the above figures it follows that of the fat taken daily, 96°5°/, 
was utilised (see Fig.1). During the week July 12th to 18th inclusive, 
the daily amount taken exceeded 300 grams,—2692 kilocalories per diem 
from fat alone, allowing for the percentage unabsorbed. 

Proportion of fat to proteid. It will be seen that the average 


intake of nitrogen was 38°95 grams per day. Using the factor 6°25 


this gives 244 grams of proteid per day, and as the average quantity of 
fat was 251°88 grams, about equal quantities of fat and te were 
being given. 

It is known? that if much fat is given in proportion ‘to proteid, 
nitrogenous equilibrium is only slowly attained, and our observations 


_ fully support this. 


1 Skand. Archiv f. Physiol. x. 1899. | 
Hammarsten. Textbook, by Mandel. 8rd Ed. p. 574. 
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Taste IT 
Total fat Total ‘bean ned 
Date Weight taken taben 
June 2 39°23 124°12 22°83 
149 82 24°07 8°32 15°65 
4 145°18 24°77 - 
5 176°87 25°90 1°54 84°17 
6 163°32 24°22 
7 186°13 81°51 18°12 88°77 
8 220-09 40°55 3 
9 40°03 227°17 86°93 9°43 42°34 
10 260°63 85-84 
11 204°33 85°34 22°08 65°96 
12 218°81 37°17 
13 225 °36 86°87 17°34 44°99 
14 237°90 40°12 
15 | 216-69 35°99 17°88 36°69 
16 41°78 223898 36°60 
17 230-63 38°73 15°90 65°61 
18 222-91 87°20 
19 230-92 35°73 16°87 39°93 
20 253 °67 89°31 
21 217°48 36°31 34°05 66°91 
22 244°83 42°62 3 
4 23 48°54 28319. 46-72 20°24 46°48 
24 267 -24 41°83 
: 25 263°43 89°92 11°35 63°20 
i 26 254°77 41°60 
27 275 °45 40°98 25°74 52°76 
28 261-59 40-99 | 
29 256°03 41°77 22°61 67°50 
Fe 80 45°53 245°63 88°83 
| July 1 261-08 44°24 26°82 45°30 
2 282-61 42°31 
8 291°59 45°90 15°48 68°75 
4 268°69 42°20 
5 262°95 42°22 18°36 67°12 
6 274°02 44°21 
7 47°28 280-98 42°70 24°99 73°20 
267°50 41°56 
9 277°43 40°46 15°65 45°73 
10 281°63 43°12 
ll 291°47 43-02 12°53 71°29 
12 311°36 44°34 
18 : 804°59 46°72 16°00 67°77 
14 48°98 801°10 44:00 
15 305-52 45°15 21°65 71°95 
16 809°72 48°16 
17 803-30 45°89 17°48 45°86 
18 303-09 42°53 
19 | 287°84 42°80 . 11°24 46°10 
20 288°33 41°90 ey 
21 51°54 297°40 B5°46 14°27 §2°33 
22 291°58 42°17 
23 269°73 | 38°42 21°78 54°70 
24 262°81 88°84 
25 267 °05 87°19 19°70 65°55 
26 222°81 31°28 
27 18°32 24°94 
28 52°49 
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Two-day periods 
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Fig. 1. Shows the constant smallness of the output of fat. The upper line is 
the fat in the food, and the lower that in the faces. 


6. NITROGEN. 


The Urine. The urine was on one occasion faintly alkaline, on all 
others acid. The specific gravity was usually 1010 or 1012. On 
June 15 there was a trace of albumen. No sugar ever occurred; a few 
times there was some reduction of Fehling’s solution, but in each case 
the phenyl-hydrazine test failed to show the presence of sugar. 

The amount of urine was variable because micturition did not occur 
at regular intervals. Consequently there was usually a larger quantity 


June Tul 
uly 
il 
S407 
| 
| 
| 
| 


METABOLISM AND FEEDING. 157 


every second period of collection, and it is for this reason that the 
nitrogen curves are shown in four-day periods (see Fig. 2), The © 
average quantity passed was about 3:5 litres a day. The percentage — 
of nitrogen varied from ‘580 to ‘932 grams in 100 cc. 
Four-day periods 
Jane. July 


30 Fig. 2. The upper line shows the amount 
125 of nitrogen in the food in four-day 
120 ¥ 3 - periods, the middle one that in the 
115 feces and urine, and the lower one that 
110 yy, 1 in the feces only, for the corresponding 
1 \ periods. The figures are grams. It 
95| +AINSin Urine ond Dei shows that only in the last four days 
ans do the upper two curves approach one 
85 another. For the last day included in 
ie the figures the food supply was below 
the average by about one-seventh. 


< 
< 


The smallest quantity of nitrogen excreted in the urine and faces 
was 24°94 grams during the last two days, when the food supply was 
lessened. The largest was 73°20 grams in two days. (Vide Appendix. 
Table A.) 

The Feces. The amount of nitrogen in the feces of two days 
varied from 1°85 to 458 grams. On an average there was 1°61 grams 
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absorption of the proteid of the food was very complete, as has nia 
observed by others’. (Vide Appendix. Table B.) 

Comparison of intake and output. The total amount of 
given in the 55 days was 2142:54 grams, an average of 38°95 grams 
a day. The largest amount on any one day was 46°72 grams. Of this 
amount 1481°50 grams were recovered in the urine and faces, leaving 
66104 grams which were stored in the body or got rid of in some 
other way. There was never any diarrhea, vomiting, or disturbance 
of digestion. 

' Now her increase in weight was 13256 grams. Most authors 
agree that living proteid contains just over 3'3°/, nitrogen’. If it is 
assumed that her increase was entirely proteid, this would account for — 
442 grams of nitrogen, but we have seen that 661 grams remain to be 
accounted for after deducting the output from the intake of nitrogen. 
So that even if all her gain in weight was due to laying on of proteid 
we have left a deficit of 219 grams. Considering the large amount of fat 
and carbohydrate given, there is no doubt that some of the former was 
stored as such. Fig. 3, however, shows how closely proportioned to the 
amount of nitrogen retained was her increase in weight. 

_ Menstruation was normally carried out twice. The loss of blood 
is stated by Herman’ to be 4 to 6 ounces, by Duhrssen‘ to be 
300 grams. Woman's blood probably does not contain more than 
_ 17%, of proteid®. There is commonly a discharge of mucus before and 

after the flow, and a loss of some of the uterine lining. At the outside 
about 11 grams of nitrogen may be thus lost, or 22 grams in the two 
periods. This reduces our deficit to 197 grams. A vaginal discharge 
which gradually grew less existed for 14 days. The nitrogen lost in 
this way would probably be less than in two menstruations, and might 
reduce the total to 180 grams. 

There remain the sweat and losses of epithelium, hair, etc. It has 
been shown that the sweat contains ammonia, urea, and proteid, and 
that quantities of nitrogen varying up to a gram a day may be lost in 
this way*. Considering that our observations were made in June and 
July and that the subject was in bed seven of the eight weeks and 


1 Bleibtreu. Pfliiger’s Archiv, xta, 1887; see also Johannson, loc. cit. 8. 44 for 
percentages of absorption given by various observers. 

2 Halliburton. Chem. Phys. and Path. p. 406; Meissl, Zeit. f. Biol. xxm. 1886; 
Hammarsten, loc. cit. p. 550. 

* Herman. Diseases of Women, 1898. 

‘ Dubrssen. 2nd Eng. Edit, Edge and Taylor, 1900. 

5 Hammarsten. loc. cit. 1900, pp. 171, 174. 
© Oramer. Hygiene, x.; Argutinsky, Pfliiger’s XLVI. 
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- subjected to daily massage, it is obvious that the perspiration may have 


reached a considerable amount. 
It follows that there is a deficit of the output as compared with the 


intake of nitrogen in the 55 days of at least 120 grams, or 5°6 °/, of the 


quantity ingested, and as some of her increase in weight was no doubt 
fat, the figure is probably nearer 10 °/,. 


7. COMPARISON WITH THE RESULTS OF OTHER WORKERS. 


Accurate correspondence of intake and output of nitrogen, for in one 
case 49 and in another 58 days, was obtained in dogs by Voit’. The 
diet was, however, purely proteid, and in these animals the loss by 
perspiration is certainly less than in man. But the experiments on 
man which have been published, rarely show an accurate nitrogenous 
equilibrium, except for short periods such as one or a few days, although 
they have been performed with a limited variety of foods allowing of 
great accuracy in the estimation of intake ; the amount of deficit which 
is almost universally obtained of course increases with the eoreeen of 
the experiment. 

It has been shown, as referred to above, that when fat is in the 
food in quantity, nitrogenous deposition can be continued for a long 
period. Thus Voit* failed to obtain nitrogenous balance in a 32 days 
experiment on a dog, on a diet which was one-third fat and two-thirds 
proteid. 

Sivén’, working on man in Tigerstedt’s laboratory, shows in one 
of his seven days series a nitrogen deficit of 103 */,, the weight being 
constant. He discusses the synthesis of proteids from simpler nitro- 
genous substances, and concludes that the non-proteid nitrogenous 


substances in the food are not always so ey discharged as has 


been thought. 

Meiss! and Strohmer* in an experiment on the pig lasting seven 
days, calculated that the animal retained in the body 289 grams. of 
carbon and 6°08 of nitrogen per day, and its increase in weight should 
have been 544 grams per day; whereas the actual increase was only 


- 500 grams per day. 


Krug’ after six days on a diet of the value of 44 kilocalories per 
kilogram body-weight, fed for 15 days on food rich in proteid and fat 


1 Voit. Hermann’s Handbuch, 8. 44. 

2? Hammarsten. loc. cit. p. 574. 

3 Sivén. Skand. Arch. f. Physiol. x. 1, 8. 91. 

Akad. ad. Wissensch. Wien, uxxxvm. 
5 y.Noorden. Lehrbuch d. Path. d. Stoffwechsels, Berlin, 1893, 8. 120. 
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of 71 kilocalories value per kilogram. With this diet he consistently 
retained 3°3 grams of nitrogen per day. His actual increase in weight 
fell short of the calculated increase, and the difference is, as in 
Johannson’s experiments, put down to water. 

Bleibtreu' conducted an experiment on a woman which lasted 
44 days. He obtained a large increase in weight (from 45 to 64 kilos 
in 2 months), and roughly calculated that half this amount was due to 
proteid. The experiment was chiefly directed to estimate the proteid 
metabolism by means of the urine, and it differs from our own in that 
the woman was highly hysterical, the feeces were only examined on four 
days, and the actual food taken was not analysed, calculations being 
made from published diet tables. The observations were interrupted 
for the menstrual periods. Daily massage was used, and Bleibtreu 
believes that this is of assistance in enabling the body to deal with 
large quantities of proteid without digestive disturbance’. ) 

v. Noorden® lays stress on the tendency of the tissues to retain 
nitrogen in overfeeding after inanition. 

Sivén’s results raise the question of whether non-nitrogenous proteid 
substances are at once built up into proteid or may be kept in the body 
for a time in their simpler form. There are also products of proteid — 
_ decomposition such as creatine, ammonium lactate, urea, and others 
which contain a larger proportion of nitrogen than proteid. It seems 
_ to us possible that after overfeeding, the tissues of the body contain 
a larger proportion of simpler nitrogenous substances than usual. In 
inanition proteids contain more water than in health‘; this being so, it 
is quite possible that after overfeeding they contain less. 

It may be that the deficit in our experiment was due to some 
extent both to the tissues containing simpler nitrogenous substances, 
and to the amount of water in the tissues having been reduced con- 
siderably during the period of observation. The quotations just given 
from other authors show that on an excessive diet, nitrogenous equili- 
brium is very difficult to attain, and our experiment demonstrates 


that in inanition it was not attained as a result of overfeeding for 
many weeks. 


We desire to express our gratitude for Pgend given advice and 


1 Bleibtreu. Pfliger’s Archiv, xu1. 1887. 

3 See also. Dunlop and others. Journ, Physiol. xxu. p. 333. 1898. 

3 v. Noorden. loc. cit. 8. 120. 

* Halliburton. loc. cit. p. 406. See also Johannson, others and Tigerstedt, 
Skand. Arch, f. Physiol. vu. 1896. 
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help to one of us (E. I. Spriggs) in the laboratory portion of this 
research by Professor Starling especially, and also by Dr Goodbody, 
Mr Wade, BSc., Lecturer in Organic Chemistry at Guy's Hospital, 


and Mr Leonard, BSc. 


APPENDIX. | 
TABLE A. Shows the specific gravity and amount of urine : the nitrogen in it 
and the total nitrogen in urine and faces. 


Each period, except the first, representing the urine of two days. 
These percentages are in 100c.c., not 100 grams. 


5 Nitrogen Total N Total N 
Amount ro A ~ in urine in 
Date Sp. gr. cc, Per cent. Total and feeces 
June 8 1010 2575 15°08* 15°65 15°65 
(36 hours) 
June 5 1010 5310 638 83°87 84°17 A 
7 1010 4953 695 84°45 88°77 72°94 
9 1008 5875 81°18 88°46 
11 1010 9010 70°54* 74°84 
18 1010 5204 808 42°05 44°99 Cc 
15 1010 5380 *622 83°46 36°69 81°68 
17 1010 7770 "805 62°55 65°61 D 
19 5850 698 37°07 39-93 105-54 
21 1010 7808 "794 61°96 66°91 E 
23 1012 5720 “760 43°47 46°43 118°34 
25 1010 7820 “785 61°35 63°20 F 
27 5746 "843 48°44 §2°76 115°96 
29 1012 7970 804 64°08 67°50 G 
July 1 1010 5825 “183 41°69 45°30 112°80 
8 1014 8198 “806 66°08 68°75 H 
5 1011 7831 8038 62°88 67°12 135°87 
7 8060 *852 68°67 73°20 
9 1012 5387 ‘791 42-22 45°78 118°93 
11 1010 7763 *880 68°31 71°29 J 
18 1010 7748 836 64°77 67°77 189-06 
15 1010 7397 67°98* 71 364 K 
17 1010 5748 “721 41°41 45°86 117°81 
19 1010 5135 847 43°49 46°10 L 
21 1011 5256 932 48°99 52°33 98°43 
28 1016 5617 925 51°96 54°70 M 
25 1010 7841 “791 02 65°55 120°25 
27 1010 8117 738 22°85 24°94 24°94 
Total 26,278 176,354 19°527 1892°87 1481°50 1481°50 
average 1010°692 6298°357 “781 49°745 52°910  105°820 (4 days) 
_ * The urea was estimated out in each specimen of urine by the Mérner- 


Sjéqvist method. The average ratio of non-urea nitrogen to total ni 
the urine was found to be 1 “ng 


July 15th was calculated from 


: 7°9. 
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TABLE B. Showing the amount and composition of the faces in two-day periods. 
The amounts are in grams. 


In dried specimens 
Nitrogen 

Date Amount dried Per cent. Total Per cent. Total 
June 3 18°80 17°65 3°32 8°01 "57 

5 757 20°40 1°54 8°98 *B0 

7 113°05 16°03 18°12 8°84 4°32 . 

9 59°05 15°97 9°43 8°87 2°28 
1l 112°33 20°19 22°68 8°83 4°30 
13 73°44 23°61 17°34 4:00 2°94 
15 88 06 20°31 17°88 83°67 3°23 
17 74°12 21°45 15-90 4°13 3°06 
19 74°67 22°62 16°87 3°83 2°86 
21 127°98 26°61 84°05 8°87 4°95 
23 80°26 25°22 20°24 8°69 2°96 
25 50°67 22°41 11°35 3°66 1°86 
eae 116°67 22°06 25°74 8°70 4°32 
29 96°65 23°39 22°61 3°54 8°42 
July 1 97°71 27°45 26°82 3°69 3°61 
8 78°50 21°06 15°48 8°63 2°67 
5 119°45 15°37 18°36 8°55 4°24 
7 118°01 21°12 24°99 3°84 4°53 
9 94°48 16°56 15°65 3°71 8°51 
/ 1l 80°23 15°62 12°53 3°71 2°98 
13 100°00 16°00 16°00 8°83 8°83 
15 106°75 20°28 21°65 3°72 8°97 
17 111°66 15°65 17°48 3°99 4°45 
19 70°86 15°86 11°24 3°68 2°61 
21 89°31 15°97 14°27 8°74 3°34 
23 78°81 27°58 21°73 3°48 2°74 
25 100°36 19°63 19°70 3°52 3°53 
27 58°14 25°06 13°32 3°93 2°09 
Total 2387 °49 57118 486°29 104°64 89°47 


2 days’ average 85°267 20°397 17°367 3°787 
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ON A METHOD OF ESTIMATING THE INTERFERENCE 


WITH THE HEPATIC METABOLISM PRODUCED 
BY DRUGS. By D. NOEL PATON, MD., F.R.C.P., Ep., 
anD J. EASON; MB. CM., MRCP., Ep. 


(From the Laboratory of the Royal Oollege of Physicians of Edinburgh.) 


It bas been for long believed that certain drugs diminish the activity 
of the chemical changes in the animal body, and the observation that, 
under the administration of sulphonal, hematoporphyrin an imperfectly 
metabolised katastate of hemoglobin may appear in the urine, has 
further directed attention to this matter. But so far, no attempt has 
been made to determine which tissues or organs are specially affected, 
or to measure the degree of interference exercised by different agents. 

It appeared to us that some indication of the structures acted upon, 
and of the degree of interference with their functions might be gained 
by a study of the extent to which the waste nitrogen of the body is 
elaborated into urea, since it is in*the liver that this formation of urea 
is chiefly carried on and since, therefore, any interference with the activity 
of this gland should make itself manifest in a diminution in the 
formation of urea. One of us' has already shown that under the ~ 
influence of diphtheria toxin, the proportion of nitrogen elaborated 
into urea is diminished, and that during digestion when the hepatic 
metabolism is more active, the proportion of nitrogen in urea is 
increased *, 

With the object of testing this idea, we commenced to study the 
influence upon the elaboration of nitrogen into urea of some drugs 
which are supposed to interfere with the normal course of metabolism. 
Unfortunately, the investigation was interrupted, and we are compelled 
to make a preliminary communication in the hope that it may induce 
others to carry out a more extended study of the subject. 

Method. The method adopted was as follows: The perineum of 
a female dog was split under full anzsthesia, to allow of catheterization. 


1 This Journal, xxrv. p. 881. 1899. 2 This Journal, xxv. p. 448. 1900. 
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_ The dog was then put on a fixed diet of porridge and milk, or of dog 
biscuit and milk till it came into nitrogenous equilibrium. It was 
then subjected to the agent, the influence of which it was desired to 
study, and again maintained for some days in the normal condition. 
3 The animal was kept in a cage with a zinc floor sloping to a hole in 

the centre and the urine was collected in a vessel placed beneath or by 
the catheter. The feeces were formed and were removed as soon after 
they were passed as was possible. If on any day the urine was con- 
taminated by their presence, it was of course rejected. That this 
method of collecting the urine is satisfactory if properly carried out, is 
shown by a comparison of the composition of the urine so collected with 
urine taken by the catheter’. 

The quantity, specific gravity and reaction of the urine of the 

twenty-four hours were determined, and it was diluted to a convenient 
volume. 


The total nitrogen was estimated by Argutinsky’s modification of — 


Kjeldahl’s method. 

The urea nitrogen was estimated by Bohland’s method and includes 
a small amount of ammonia nitrogen. — 

The non-urea nitrogen was determined by difference. 

The ammonia nitrogen was estimated by Schlising’s method. 

In some of the experiments the total sulphur and the sulphur in the 
oxidised form, #.¢. as sulphuric acid, were determined, the latter by the 
usual gravimetric method, the former by that method after igniting 
with caustic potash and nitre*. 

The phosphates were determined by titration with uranium nitrate. 

The observations were for the most part made continuously, but 
for convenience the record is broken up into separate experiments. 
The same dog was used throughout the experiments—a setter bitch 
weighing between 18 and 19 kilos. 

Throughout the paper bis are expressed in grms. 


I. Morphine. 

Although morphine has so marked an influence on the nervous 
system, evidence that it affects the general metabolism is wanting. 
Nor is there any indication that it has a special action upon the liver, 
for Rutherford found that 3 grains of the acetate had no influence on 
the secretion of bile. : 


1 This Journal, xxv. p. 445. 1900. 
This Journal, xxiv. p. 885, 1899. 
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Exps, I. and II, The dog was fed daily on two Spratt’s biscuits and 
500 c.c. of milk. On 25th and 31st July, 0°15 grms. of bimeconate of 
morphine were given hypodermically at 10 a.m. 


Nitrogen Svipher Phosphorus as. Chlorine 
Urea N Total Oxidised Oxid. NaCl 
Date Total UreaN of total as SO, as 80, oftotal P,O; 

23. vii. 506 4°64 91 — 408 
, 888.  -7:86 94 689 1°84 22 1°96 
25. ,, 9°82 8°86 90 1°14 *652 57 1°90 19 2°04 
+26. ,, 4°67 4°28 91 0°61 "B46 56 0°72 15 1°20 
89 696 57 1°82 21 2°00 
28. , 8°41 7°70 91 1°21 612 56 1°84 22 2°48 
81. ” 6°13 5°76 94 0°78 12 
1. viii, 8°51 7°74 90 1°74 20 


+ Only one biscuit given. 


Average percent. of nitrogen in urea. 
Before First morphine After Second morphine After 
93 90 90 94 86 


The Spratt’s biscuits are somewhat irregular in weight, and the dog 
was not in a condition of steady nitrogen balance, but this in no way 
interfered with the object of the experiment. Morphine in these doses, 
though producing marked nervous symptoms, does not seem to interfere 
with the hepatic metabolism. 

A point of some interest is the fall in the proportion of phosphorus 
as phosphoric acid to the nitrogen. 


Sulphonal. 

The appearance of hematoporphyrin in large quantities in the urine 
after the administration of sulphonal has been taken to indicate a 
profound interference with the chemical changes in the body and 
probably with the hepatic metabolism which is more especially con- 
cerned in the elaboration of the normal urinary pigment. 

This experiment seems to show that sulphonal markedly interferes 
with the elaboration of nitrogen into urea. 

We have examined the proportion of urea nitrogen in a specimen of 
urine from a case of sulphonal poisoning sent to us by Dr Easterbrook. 
The following figures were obtained : 

Total Nitrogen 1°91°/, _ 

Urea Nitrogen 165 86°), of Total. 
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Exp. III. Same dog. Diet : oatmeal 500 grms., milk 700 c.c., water 
1500 c.c. 


Nitrogen of urine. 
Date Total Urea N Ammonia N 
8. xi. 11°76 9°91 — 84 _ 
a 11°08 . 9°07 0°95 82 
5. 45 11°92 9°91 0°97 83 81 
6. 19°76 11°42 1-05 89° 8°2 
12°76 10°42 1-1l 82 86 
18°10 10°86 0°84 83 6°4 
‘a 11°70 8°77 0°90 75 76 
1.” 7162 0-78 17 
ae 12°82 10°25 1°18 80 2 


_ * 8 grms. sulphonal on each day. 


Average percent. of nitrogen in urea. 


Before Sulphonal period After 
84 74 79 


Decrease 9 per cent. 


In the five experiments recorded by Dunlop, Macadam and Noél 
Paton’, the urea nitrogen constituted from 91 to 95 per cent. of the 
whole, and if these figures are accepted as an average there was thus 
a diminution in the nitrogen in urea in this case. But it must be 
remembered that 86°/, is not below the average as determined 2 
‘Gumlich’ and Bohland*. 


III. Coal Gas. 


The general diminution in the processes of oxidation in the body 
produced by carbon monoxide is well known: but how far this affects 
the hepatic metabolism has not been investigated. Araki‘ showed 
that the administration of carbon monoxide causes the appearance of 
sugar in the urine. , 


1 This Journal, xxm. p. 69. 1897. 

2 Zeitsch, f. phys. Chem. xv. p. 10. 1892. 
3 Pfliiger’s Arch. xumt. p. 30. 1888. 

4 Zeitsch. f. phys. Chem, xrx. p. 450. 1894. 


» 
ASS 
7 
— 
a 
7 
. 
“ay 
4 
wa 
: 
q 
A 


170 


— 


Exps. IV. and V. Same dog. Same diet as in Exp. III. 


Oxidised Oxidised 
of 
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gas till it became drowsy, and on the 2ist in 


Average percent. of nitrogen in urea. 


Diminution of 6 per cent. 


These observations show that sulphonal diminishes the proportion 
of nitrogen in urea and of sulphur in the oxidised form, but that it does 
not alter the proportion of phosphorus to nitrogen. 
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IV. Alcohol. 


It has been generally recognized that alcohol in large doses has a 
markedly toxic action on the metabolism but its influence on the 
hepatic function has not been specially studied. That it has a special 
action on the liver, seems to be indicated by the part it plays in the 
etiology of cirrhosis. of the organ. Reiss’ states that it diminishes 
urea and increases uric acid, while Schmiedeberg and Hofman’ 
found that it hindered the synthesis of hippuric acid. 


Exp. VI. Same dog. Same diet as in Exps. IV. and V. 


Nitrogen of urine. 
Urea N p.c. 
Date TotalN UreaN of total 
24. xi. 12°88 10°42 80 
25. 12°43 — 
26. ” 10°42 8°29 80 
27. 12°04 9°52 79 
28. 12°66 9°52 79 
29. ;, 10°02 7°28 73 60 c.c. absolute alcohol at 10. 
+30. ,, 8°12 5°94 73 150 
10°08 7°95 79 
11°54 9°52 82 
11°59 9°07 78 
+ Dog appeared intoxicated. 
Average percent. of nitrogen in urea. 
Before Alcohol After 
| 79°5 79°6 
Diminution of 7°5 per cent. 
Vi. Quinine. 


Upon the influence of quinine on the metabolism a very large 
amount of work has been accomplished which is admirably summarized 
in Wood's Therapeutics, 7th Edition, 1898, p. 578, There seems little 
doubt that it does diminish the disintegration of proteids and there is 
considerable evidence that it has a special action in inhibiting the 
production of uric acid. But so far its action on the general distribution 
of nitrogen in the urine has not been studied. 


1 Zeitsch. f. klin. Med. 1880. 2 Arch. f. exp. Path. u. Pharm. vu. p. 248. 1877. 
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Zuntz’ was unable to find any influence on the — of oxygen 
or the elimination of carbon dioxide. 

We have performed but one experiment and in this only ‘75 grms. of 
quinine were administered. The result was negative. 


CONCLUSIONS. 


The observations given above are too few to allow certain con- 
clusions to be drawn, but those which they suggest are as follows: 

1, Certain drugs have a marked effect on the elaboration of the 
waste nitrogen into urea while others do not act in this way, 
_ a, sulphonal, alcohol and coal gas (carbon monoxide ?) have this action, 

_b, quinine in small doses and morphine in large doses do not manifest it. 
2. Under the influence of coal gas the percentage of oxidised 
_ sulphur in the tota] sulphur of the urine is diminished concomitantly 
with the diminution in the percentage of nitrogen in urea, while under 
morphine the percentage of oxidised sulphur as well as the percentage 
of urea nitrogen are unchanged, thus bearing out the conclusions as to 
the relationship of these processes arrived at by one of us*% 

3. It is probable that the diminution in the proportion of nitrogen — 
in urea and of sulphur in the oxidised condition affords an indication of 
the interference with the hepatic metabolism produced by any drug. . 

4, While the administration of morphine causes a diminution in 
the proportion of phosphorus to nitrogen in the _— coal gas (carbon 
monoxide) has not this action. . 


1 Arch. f. Phys. p. 208. 1894. 2 This Journal, xxIv. p. 335. 1899. 


Re, 
= 
A 
‘ 
4 
ig 
4p 
i” 
By: 
4 
a | 
| 
| 
| 
a 
a 
Sa 
, 
4 
4 


ON THE ORIGIN FROM THE SPINAL CORD OF 
THE VASO-DILATOR FIBRES OF THE HIND-LIMB, 
AND ON THE NATURE OF THESE FIBRES’. By 
W. M. BAYLISS. (Seventeen Figures in Text.) 


(From the Physiological Laboratory, University College, London.) 


CONTENTS. 
Introductory and Historical. 
Methods of experiment. 
The vaso-dilator fibres of the posterior roots. 
The fibres do not pass into abdominal sympathetic chain. 
Their “ trophic centres” are in posterior root ganglia. 
They are identical with the afferent fibres of the posterior root. 
Is the hind-limb supplied with vaso-dilators from any other source ? 
The vaso-dilators of the fore-limb, and other ‘antidromic’ effects from 
posterior roots. 
Notes on some related points. 
Summary of conclusions. 
Bibliography. 


I. IntTRopucTORY AND HISTORICAL. 


Introductory. It has been known since the work of Goltz" (p, 184 
et seq.)? that the sciatic nerve contains fibres, excitation of which 
produces dilatation of the blood vessels of the hind-limb. These are 
the fibres the origin and nature of which I propose to consider in the 
following paper. We call them vaso-dilator fibres, in contradistinction 
to vaso-constrictor fibres, which increase the state of contraction of 
the vessels. 

Central inhibition of the tonic excitation of these vaso-constrictors 
may also produce vascular dilatation, as also may section, when in a 
state of tonic excitation; this form of vascular dilatation will only be 
referred to incidentally. 


1 Prelim. Account. This Journal (Proc. Physiol. Soc.) xxv. xiii. 1890; xxv1, ii. 1890. 
* See Bibliography at the end of this article, p. 208. 
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The term vaso-motor is often used as synonymous with vaso- 
constrictor. This leads to confusion, the term vaso-motor should only 
be used when it is wished to include both vaso-constrictor and vaso- 
dilator actions under one name. : 

It is obvious that when vascular dilatation is produced by the 
excitation of the peripheral end of a divided nerve, it can only be — 
brought about by the presence of vaso-dilator fibres; unless we are 
prepared to accept the doctrine of peripheral ganglia in connection 
with blood vessels, a theory of vaso-motor action which has little, if 
any, evidence in its favour. (See Langley™, pp. 655 and 671.) 

It is necessary to be thus precise in defining the terms used, since 
the facts to be brought forward in the following pages are of a rather 
revolutionary nature, and therefore it is of more than ordinary im- 
portance to be quite clear as to the meaning of the words _ in 
describing them. 

Historical. It is, I think, unnecessary to give a detailed account 
of work relating to excitation of the sciatic nerve as it will be found 
in the text-books (eg. Tigerstedt®, p. 497); where it especially 
concerns the present subject of research it will be discussed in the 
text. 

The first definite statement as to the origin from the cord of the 
vaso-dilators of the hind-limb was made by Stricker in 1876. He 
finds ‘that in the dog electrical or mechanical excitation of the 
peripheral ends of the divided posterior roots of the 6th and 7th 
lumbar nerves! causes considerable vascular dilatation in the hind-limb 
of the same side, as evidenced by rise of temperature in the paw. 
These results were confirmed by Girtner, Morat®, and Werziloff®. 
Cossy” (2 experiments only), on the other hand, obtained no constant 
effect, while Vulpian® (4 experiments only) and Kiihlwetter® 


failed to obtain dilatation. As regards the last-named observer, 


however, it appears from his descriptions that, in the only experiments 
that can be considered successful, the roots excited were upper lumbar, 
and as he speaks of muscular twitches occurring during excitation it 
is obvious that his failure to obtain dilatation does not count for 
much. Hasterlik and Bied! in 1893 confirm Stricker. The 
only remaining papers needing reference are those of Bonuzzi™, a 
pupil of Stricker’s, who also confirmed his results, Laffont™ who 


1 He calls them 4th and 5th, but at that time it was usual to reckon 15 thoracic 


nerves in order to make the lumbar equal to 5 as in man; we now reckon 13 thoracic and ~ 
7 lumbar in the dog. 
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VASO-DILATOR FIBRES. 


found vaso-dilators in anterior roots, viz. in those of the 2nd to 4th 
lumbar nerves, and Bornezzi® who states that vaso-dilator fibres 
run centrifugally in all the posterior roots. 

Notwithstanding their confirmation by several observers, the results 
of Stricker have not been generally accepted. This is, no doubt, 
due in part to their violation of the Bell-Magendie law, but chiefly 
to the fact that the experimental methods used, both by himself and 
others, were not sufficiently free from objection to warrant the accept- 
ance of results so contrary to previous experience. I criticise the 
experimental methods in the next section, and will here only mention 
that the numerous conditions stated by Stricker to be necessary for 
the production of the effect, viz. young animals, absence of anzsthesia, 
no curari and previous section of the cord, tend to throw doubt on 
the reality of its presence. On the other hand Morat finds only two 
conditions necessary, viz. young animals and strong stimulation” 
(p. 695). Unfortunately, Morat did not use mechanical excitation, 
a fact which makes his experiments less convincing than those of 


Stricker. It seems to me that, taking the work of both observers 


together, the fact of vascular dilatation taking place on excitation of 
fibres in posterior roots is fairly established. 

The statements made by certain observers as to the occurrence 
of vaso-dilators to the hind-limb in the abdominal sympathetic chain, 
as well as that of Laffont, that they are present in lumbar anterior 
roots, will be dealt with later. 


II. METHODS OF EXPERIMENT. 


_ The most serious failing in previous work is, to my mind, the 
absence of a blood-pressure tracing taken simultaneously with the 
observations on the limb-vessels. It is plain on a little consideration. 
that, even supposing no active change takes place in the limb, a rise 
of blood-pressure, due, for example, to reflex constriction in the 
splanchnic area, will passively distend the limb-vessels, and there 
will appear to be a genuine dilatation. This fact it is especially 
necessary to bear in mind in experiments involving excitation of 
nerve-roots; the posterior columns of the cord are extremely excitable 
and the least escape of current from the electrodes to them will 
produce a considerable rise of blood-pressure. It is remarkable that 
the earlier investigators of vaso-motor action, with the exception of 
Nussbaum, paid so little attention to this fruitful source of error; 
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Nussbaum’s remarks are, however, so much to the point that they 
are worth quotation. He says™ (p. 380), “But what is of still more 
importance is the fact that if the whole arterial system constricts 
reflexly, and if in certain regions the constriction is more pronounced 
than in others, a condition of things extremely probable d@ priori, the 
consequence may be, that an artery, although it attempts to constrict 
to a slight degree, will be passively distended by the greatly increased 
blood-pressure. In such a case dilatation is seen, although the reflex 
may be a purely constrictor one.” And, of course, the same applies 
to direct, as well as to reflex, excitation of vaso-motor’ nerves, and, 
mutatis mutandis, to vaso-dilators as well as to vaso-constrictors, 
I regard it, therefore, as of paramount importance to take a tracing 
of the arterial blood-pressure at the same time as the observations on 
the condition of the limb-vessels. 
Next, as to the best method of detecting vascular dilatation. 
Stricker noted, from minute to minute, the readings of a thermometer 
placed between the toes of the animal; Morat brings forward the 
following objections to this method, and to my mind justifiably: | 

Firstly, the local temperature is an index of the circulation only 
so far as there is a notable difference of temperature between the part — 
of the animal in question and the surroundings. 

Secondly, the variations in general body temperature of the animal 
interfere with the local changes. 

Thirdly, the thermometer is slow in its indications and the tissues 
also take an appreciable time to warm. On these grounds he prefers 
to note the appearance of the skin, 7.¢. its redness or paleness. For 
my part I find it very difficult to be certain of changes in the colour 
of the skin, especially if the change is not great; moreover, for obvious 
reasons, the method is not easy to use for purposes of demonstration 
to others. On the whole the plethysmographic method is the most 
convenient and, I venture to think, the best, although I am aware 
that a worker of such experience as Langley prefers the method of 
inspection. Other advantages of the plethysmographic method are: 

(1) That it allows the temperature of the limb to be easily and 
quickly altered, keeping it at the same time constant. 

(2) That it enables the experimenter to give his whole attention 
to the delicate operation of exciting the nerve-roots, since the curve 
is being traced continuously and can be inspected afterwards. 

(3) That it gives permanent records which can be preserved and 
compared together at any subsequent time. It must not be understood, 
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however, that a more convincing nature is claimed for records of this 
kind than for data afforded by other methods; tracings on smoked 
paper may easily be made to give expected results, so that their value 
depends more on the reliability of the investigator than on the method 

- In this research glass plethysmographs were used, the junction with 
the limb being made tight by an india-rubber collar. Instruments of | 
different size were used according to the size of the animal. To apply — 
the instrument, the skin, with the hair uncut, is plentifully rubbed with 
_ vaseline where the collar is to lie, the india-rubber collar turned back 
over the glass tube, the limb inserted as far as possible, and the collar 
turned over in contact with the skin; as a rule no leakage will be 
found to occur. It was formerly the practice to cut off the hair where 
the india-rubber collar is situated ; I find, however, that it is better not 
to do so, the hair, matted with vaseline, forms a soft pad, which fills up 
interstices between the collar and any depressions on the limb, and so 
makes it easier to get a tight joint. The cheap vaseline sold for veterinary 
' purposes is better than the refined article, since it is thicker, more 
tenacious, and melts at a higher temperature. The space in the 
plethysmograph surrounding the limb is now filled with warm water 
(about 40°C.). It might be expected from the results of Lepine ™ 
- and Bernstein™ (p. 589) that cold water would favour the manifes- 

tation of vascular dilatation. This, however, has not been my 
experience. If the limb is cold the circulation is apparently more 
or less at a standstill, and the vessels seem to be in a nigid, 
inexcitable condition. Whatever may be the explanation, the fact 
remains that I have several times failed to obtain dilatation with cold 
water, whereas, on replacing this with warm water, the same strength 
of stimulus has given a considerable effect’. The use of air instead 
of water is not to be recommended; one does not get the pulse- 
beats shown by the recording lever, owing to the large volume of 
air, and the size of the pulse-beats is often a useful sign of vascular 
dilatation; it is not so easy to detect leakage; one has not the 
power of varying the temperature of the limb; and the air is more 
sensitive to changes of temperature in the shaomphere of the room 
than water is. The changes in the volume of the limb were recorded 
..by a piston-recorder of Hiirthle’s pattern (made by Albrecht) con- 


1 Of course, when cold water is replaced by warmer, it is necessary, before proceeding 
to excite nerves, to wait until the direct ee 
its stationary condition. 
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nected with the tube on the top of the glass plethysmograph by an 
india-rubber tube containing air; the piston-recorder was made about 
as sensitive as a moderately delicate Marey’s tambour, its advantage 
over the latter is that its excursions are proportional to the change of 
volume throughout its range. 

The mode of excitation was usually by an ordinary Du. Bois 
Reymond coil with Wagner hammer, interrupting about 40 per sec., 
the scale was graduated in arbitrary units, but of known relative 
strength, eg. an excitation with secondary coil at 1000 was 4 the 


strength of one at 2000'; the. strength of current just felt on the 
tongue was at 1350 of the scale and unpleasantly strong at 1800; 


other methods of excitation used for special purposes will be referred 
to when occasion arises. 


The arterial blood-pressure was recorded in the usual way by a 


 canula in the carotid artery in connection with a mercurial manometer, 


the connecting tube being filled with saturated “solution of sodium 
sulphate. 

Dogs were almost invariably used ; cats and rabbits occasionally. 

A hypodermic injection of morphia (30 to 130 mgrms. according 
to size of animal) was given about 4 hrs. before the experiment 
complete anzsthesia was produced for the operation by A.c.E. mixture. 


_ It was found that by section of both vagus nerves the blood-pressure 
was kept more constant. This of necessity involved the use of artificial 


respiration, which, however, had the advantage that the degree of 
anesthesia was under complete control, since a portion of the air, of 
amount capable of adjustment by stop-cocks, was allowed to pass 
through A.C.E. mixture in a Woulff’s bottle. The air was always 
warmed by passing through a spiral tube immersed in boiling water. 
A canula was inserted in the external jugular vein for injection of 
curari or other drug. If curari was necessary it was found advisable to 
give it as early as possible in the experiment, in order that the fall of 
blood-pressure produced at first might have time to pass off before the 
nerve-roots were excited. After the various operations mentioned above, 
the animal was turned over on its belly, an india-rubber hot-water 
bottle placed under it, and the exposure of the spinal cord in the 
lumbar region proceeded with. This was done in the usual way, the 


1 It is frequently lost sight of that by giving the strength of exciting current in degrees 
of Kronecker’s scale, nothing is stated as to the actual strength of stimulus as compared 
with that used by another observer with secondary coil at same position of scale, the two 
would be equal only if the current in the primary coil was the same in the two cases. 
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muscular mass first separated from the spinous processes and lamine 
of the vertebra, and drawn well aside by weighted hooks. It is well, 
in order to obtain a clear field, to snip off the transverse processes, an 
operation which allows the muscles attached to them to be drawn well | 
to the side. The spines were cut off by bone forceps, and the laminz 
removed, Bleeding was usually stopped by pressure, sometimes, and 
especially when from venous sinuses in the bone, it was impossible to — 
completely stop it, but, if mopped out immediately before exciting 
nerves, the wound remained clean long enough for a stimulus of 
considerable duration, and the oozing of blood had the advantage of 
keeping the cord and nerves moist. Having exposed the dura mater 
of the cord, and stopped bleeding as far as possible, the wound was — 
covered with cotton-wool, the limb placed in the plethysmograph, and 
the arterial canula connected with the manometer. ‘The dura mater 
was then slit up in the middle line by probe-pointed scissors, a small 
aneurism needle passed under the bundle of posterior roots belonging 
to each nerve in turn, a ligature tied around the bundle as near the 
cord as possible and then the nerve-root cut away from the cord; by 
means of the ligature it could then be held up, and excited close to 
the place tied. Sometimes the cord, together with the anterior roots, 
was cut out, sometimes merely cut across at the upper level of the 
wound. As a rule, however, I preferred to leave the cord intact, as by 
this means the least escape of exciting current was shown by a rise of 
blood-pressure, if the animal was curarized, or, by movements in addition, 
if curari had not been given. For a similar reason I only gave curari 
when anterior roots or sciatic nerves were excited, thus being able to 
detect escape to anterior root-fibres, which would obviously, in the 
uncurarized animal, give rise to muscular contractions. If it was wished 
to obtain as long a piece of nerve-root as possible, the dura mater was 
cut through where the posterior root pierces it, and the latter could 
then easily be separated down to its exit from the spinal canal. The 
cord and nerve-roots were at intervals flooded with warm physiological 
saline, in order to prevent loss of excitability by cooling, and, in the 
intervals between excitation, the wound was kept covered with cotton- 
wool. 

Werziloff® makes a point of removing the lamin from one side 
of the vertebral column only, this, to my mind, renders his results 
worthless, it would be impossible to excite the nerve-roots without 
considerable escape of current to neighbouring structures. Moreover 
by his method of complete curarization and neglect to take a tracing 
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of the general blood-pressure, he makes it impossible to detect any such 
escape. This error is all the more to be regretted since his experiments 
are, in other respects, very complete. 


III. THE VASO-DILATOR FIBRES OF POSTERIOR ROOTS. 


When I commenced the present research, so little did I credit the 
results of Stricker, that I did not think it worth while to excite the 
anterior and posterior roots separately, and contented myself at first 
with exciting the mixed roots outside the dura mater; on one occasion, 
however, having a large dog under experiment and a long nerve-root, of 
the 7th lumbar, prepared for excitation, it seemed a favourable oppor- 
tunity for testing the truth of the results of the above observer. The 
posterior root was therefore separated from the cord and excited. To 
my surprise, a large dilatation of the limb was produced, in fact quite as 


large as had been previously obtained from the mixed roots. Subse- 


quently, therefore, anterior and posterior roots were excited separately. 
I may say at once that I have never obtained the least dilatation from 
any of the anterior roots from the 3rd lumbar down to the 2nd sacral 
inclusive, whereas such was always obtained, with the exception of one 
experiment to be referred to presently, from posterior roots from the 


5th lumbar to the Ist sacral inclusive. The amount of effect was in | 


proportion to the size of the nerve-root; the 6th and 7th lumbar and 
1st sacral being the largest roots taking part in the lumbo-sacral plexus 
of the dog, the vascular dilatation was greatest from them, and usually 
that from the 7th lumbar was the maximum. In one experiment I 
obtained an effect from the 4th lumbar, but in all probability this was 
a case of Langley’s anterior form of plexus, and the 4th lumbar was 
therefore equivalent to the 5th of the ordinary type of plexus. I have 
never obtained any effect from the 2nd sacral nor from any nerve-roots 
below it. Fig. 1 is an example of the effect from the 7th lumbar. 

This tracing was obtained in an old bitch, curarized, cord cut at 


level of 3rd lumbar vertebra, anterior and posterior roots of 5th, 6th, 


7th, 1. and 1st s. prepared for excitation. The latent period is seen to 
be of considerable length, and the dilatation lasts very much longer 
than the excitation. The strength of stimulus was that obtained from 


secondary coil at 1700 of the scale. As regards the latent period, it 


was, as might be expected, of very different length, according to degree 
of cooling of nerve, anesthesia or shock of the animal and so forth, and 
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varied from 2 to 8 secs! I do not lay any stress on the apparent 
duration of the effect, in many cases it lasted considerably longer than 
that shown in Fig. 1, and in most of the subsequent figures in this 


Fig. 1. Excitation of peripheral end of 7th 1. posterior root. Uppermost curve—volume 
of limb; next below—blood-pressure, the 8rd line marks period of excitation, and the 
bottom tine sine te sien Blood-pressure zero 25 mm. below time marker. 


paper I do not give the whole length of the curve for sake of space. It 


is plain that the india-rubber collar at the upper end of the plethysmo- 


- graph must necessarily compress the superficial veins to some extent, 


and this will vary according to whether the india-rubber is new or has 
become softened by vaseline. I have endeavoured to keep it as loose 
as possible consistent with prevention of leakage, but it was impossible 
to have at hand collars of the innumerable variety of sizes required for 
the different sizes of dogs used. Compression of the superficial veins — 
will, while not appreciably affecting the onset of the arterial dilatation, 
no doubt tend to obstruct the outflow from the limb of the blood which 
has rushed in when the arteries expanded. It is well known that vaso- 
dilator effects do, as a rule, considerably outlast the excitation of the 
nerves causing them, but it seems to me that the long duration of the 
expansion seen in some of my curves needs a further explanation, and 
that given above is quite sufficient to account for it. Fig. 2 is given as 
an example of the difference between anterior and posterior roots ; it is 
taken from the same experiment as Fig. 1, with weaker excitation. 


1 Not two to eight months, as by a a slip of the pen Asher makes me to state 
(Centralblatt f. Physiologie; x1v. p. 364). 1900. 
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= 


Fig. 2. Explanation as for Fig. 1. The first excitation is of 7th 1. posterior root, coil 
1600, the second that of the corresponding anterior root, same strength of excitation. 


Fig. 3. 1st curve (from above) 5th 1. posterior root, 2nd curve 6th 1. do., 3rd curve 7th |, 
do. ; all with excitation of equal duration, coil at 1700. 


1 
= 
4 
‘a 
a 
J 
= * 
A 
4 
‘ 
og 
4 
a % 
4 4 
4 
A 
By 
= —— 
4 
> 
§ 
ry. 
4 4 
+ 
te 
2 
a 
4 
ine 4 
ry 
ba 
a 
3 
4 
ia 
q 
4 
a 
hy 
ig 
j 
2 


VASO-DI LATOR FIBRES. 183 


It is dank a good tracing, the recording surface was moving irregularly, 
but I did not think it of any use to preserve many tracings of negative 
results; the apparent slight rise of the curve with anterior root 
excitation was due to the paper moving more quickly at that place as 
will be seen by referring to time traces, so that the continuous fall of 
the curve appears less steep. I have no doubt whatever of the absence 
of dilators from these lumbar and sacral anterior roots, having excited 
them many times without result ; it will be necessary, however, to refer 
again to this point. Fig. 3 shows the increase of effect from 5th |. to 


lig. 4. Upper curve—electrical excitation. Lower carve—mechanieal (series of 7 pinches). 
Time tracing at bottom marks secs. and applies to both curves. 
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7th 1. These tracings were taken from a young animal, uncurarized, 
cord left in situ, but cut across at 9th thoracic vertebra. 

I have found the vaso-dilator fibres in question extremely excitable 
to mechanical excitation. So much, in fact, is this the case as to be 
sometimes an inconvenience. The mere placing of the nerve-root on 
electrodes frequently causes a very considerable dilatation of the limb, 
and since one must wait until this has passed off, before proceeding to 
give a definitive excitation, the nerve-root becomes more or less cooled 


and dry. Fig. 4 will serve to show the effect of mechanical excitation, 


and also that it is as marked as that of maximal electrical excitation. 
These tracings were obtained from a large bitch, no curari given, 
cord left in situ and uncut; there was no trace of muscular movement 
on excitation of posterior roots, although the anterior roots were very 
excitable. The strength of electrical excitation in the case of the curve 
reproduced was 1600 of scale, An increase to 1700 did not increase 
the degree of dilatation, so that, as the curves show, as great a dilatation 
can be produced by a series of seven pinches by forceps as by maximal 
electrical excitation. Of course in pinching one begins at cut end, and 
makes each successive pinch a little further away from cut end. The 


4 


Fig. 5. Fig. 6. 


Fig. 5, Upper curve—volume of limb. Lower curve—blood-pressure, At mark on bottom 


line a crystal of sodium chloride was placed on the nerve (7th I. 
of celluloid film, 


Fig. 6. Upper curve—volume of fore-limb. Lower curve—blood-pressure. Time 
in 10 secs. intervals. 
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effect can also be produced by thermal excitation, and by chemical 
(Fig. 5). | | 

The fact that these fibres are so easily excited mechanically or 
chemically disposes of the possible objection that the effect may be 
produced by electrotonic escape to other nerve-fibres; but since 


electrical excitation is by far the most convenient, and was in fact 


nearly always employed (except as a final test), it is necessary to meet 
objections to it. I have already excluded escape to cord by simultaneous 
blood-pressure tracing, and it is incredible that vaso-dilator fibres in 
anterior roots should be excited by currents from an induction coil and 
ordinary motor fibres not be excited at the same time; moreover 
excitation of the anterior roots themselves does not produce dilatation. 
The only possibility, then, is that electrotonic currents may excite the 
grey rami passing from the abdominal sympathetic to join the nerves of 
the lumbo-sacral plexus. Langley and Anderson have’ shown that 
these rami pass up the nerves, after joining them, nearly as far as tlie 
spinal ganglia, and then turn downwards again to be distributed in the 
various branches of the nerves (17, p. 110). Now, in the case of the 
lower lumbar nerves the spinal ganglion is situated in the intervertebral 


_ foramen, the point excited is quite two inches away from it, and the 


currents necessary are not strong, that is, are not at all unpleasant to 
the tip of the tongue. Taking these facts into consideration, I do not 
think it probable that the grey rami are excited. Moreover, it is by 
these grey rami that the vaso-constrictors reach the hind-limb, and, 
even supposing that there were vaso-dilators with them, coming from 
some hitherto unknown source, experience with the sciatic nerve teaches 
us that ordinary tetanic excitation excites the constrictors only. In 
the case of the fore-limb it is quite easy to excite the grey rami, since 
the nerve-roots are much shorter than those of the lumbar region. 
Fig. 6 shows the effect of exciting the cut peripheral end of the 
Ist thoracic posterior root, coil at 2000. 

It will be seen that there is a slight constriction, followed by 
considerable dilatation. Fig. 7, a similar experiment on same nerve- 
root, but with coil at 2500, shows a large constriction, followed by 
smaller dilatation. 3 

Fig. 8 shows result of exciting same nerve-root with shocks at 
intervals of 1 sec., coil at 3000. No constriction is seen, dilatation 
alone is produced. 

That the vaso-dilators in this case really run in the posterior root 
is shown by Fig. 9, which is the effect of pinching the nerve-root at 
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the tied end; this was done very carefully, so as not to pull upon the 
nerve, and so possibly excite the made up nerve beyond the spinal 


Fig, 7. 7 Fig. 8. 


Fig. 7. Upper curve—blood-pressure. Lower curve—volume of fore-limb. 
Fig. 8. Upper curve—blood-pressure. Lower curve—volume of fore-limb. Time trace, 
1 sec. intervals. 


ganglion. It is known that no vaso-constrictors to the fore-limb leave 
the cord by this nerve-root (Bayliss and Bradford™) and the con- 

striction must therefore have been produced by electrotonic excitation 
of the grey ramus by the strong currents used. A similar result was 
obtained from the 8th cervical nerve, and as this nerve gives off no 
white ramus at all (see Langley ™, p. 638) it would perhaps have been 
more convincing to have given results from it; unfortunately, I had not so 

complete a series of curves. I think, therefore, that if we consider the 
case of Fig. 6, where the nerve-root was not more than 4 an inch long, 
and yet, even with coil at 2000, the constriction was not great, we may 
rest satisfied that no electrotonic current would excite the grey rami 


of the lower lumbar nerve-roots in the case of an excitation with coil 


at 1400, and nerve-roots two inches or more in length’. In any case, 
however, the fact of the vascular dilatation being so readily produced 
by mechanical excitation puts at once out of court any question of 


escape to neighbouring fibres ; all evidence points to the impossibility — 
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of the electrical currents of action in any particular fibre exciting 
a contiguous fibre. It may, indeed, be as well to point out that 


Fig. 9. Upper curve—volume of fore-limb. Lower curve—blood-pressure, its zero being 
45 mm. below the line marking excitation. The rate of movement of paper was same 
as Figs. 6, 7 and 8. 


Hering’s experiments on “nerve-excitation by the nerve-current ”™ 
(p. 27 of reprint) were cases in which there was a common section of 
both sets of fibres, the exciting and excited, and that the effect was 
produced by the sudden abolition of the demarcation current in one set 
by the action current set up by excitation in the other set. This 
demarcation eurrent had been previously compensating the similar 
current in the neighbouring fibres, and when it was abolished the 
demarcation current of the latter would suddenly manifest itself and 
cause their excitation. In the case before us no such conditions exist. — 

The figures I have chosen for reproduction were intentionally 
selected to show that I have not found necessary any of the conditions 
stated to be essential by Stricker or Morat. All my animals were 
anesthetized with morphia and A.C.E., curari had no injurious effect, 
nor had the age of the animal in itself any influence. I have notes of. 
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three or four experiments in which the animal was obviously of con- 
siderable age, but the dilatation was present. The only animal in 
which no effect could be obtained was one which did not seem aged, but 
_ the limb-vessels were plainly very rigid, as shown by their failure to 
respond passively to changes in the general blood-pressure. It seems 
therefore that age is only so far of influence as the vessels are more 
likely to be degenerated and rigid. Neither was it found necessary to 
use strong exciting currents; in the majority of cases a marked effect 
could be obtained at 1400 and a maximal one at 1600 or 1650, a current 
which could comfortably be borne on the tongue. Compared with the 
strength of excitation required by a frog's sciatic nerve, this is no doubt 
strong, but it is not so strong as is generally required to inhibit the 


heart from the peripheral end of the vagus in the dog, and it must be 


remembered that the nerve-roots excited were large, and therefore the 
current density not great. 

Slow rhythmic stimulation, viz. induced currents at the rate of 
one shock every sec. or every 2 secs., as well as interrupted battery 
currents, have been also tried, but not found so effective as the ordinary 
tetanizing coil currents. 

The degree of dilatation is as a rule very considerable, Stricker 
found a rise of temperature amounting to, in some cases, as much as 
7°C. The expansion, in my experiments, was about equal in amount 
to the constriction obtained by exciting the peripheral end of the sciatic 
nerve with strong tetanizing currents. 

The conclusion, then, to be drawn from the above experiments is, 
that there are nerve-fibres in the posterior roots of the 5th, 6th and 7th 
lumbar, and 1st sacral nerves, excitation of which, when cut away 


from the spinal cord, gives rise to vascular dilatation in the hind-limb 


of the same side. 


IV. THE FIBRES DO NOT PASS INTO ABDOMINAL 
SYMPATHETIC CHAIN, 


Stricker® found the effect still present after removal of the 
abdominal sympathetic; and it would seem @ priori improbable that 
they should pass into this chain, since there are no white rami below 
the 4th lumbar, and there are no efferent fibres from the cord in the 
grey rami (see Langley™, p. 60). I have performed one experiment 
to test the point. In a dog under morphia and A.c.E. no curari, the 
abdominal sympathetic on the left side was extirpated from behind the 
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kidney to the middle of sacrum, including the 1st sacral ganglion. The 
posterior roots of the 5th, 6th, 7th lumbar and 1st sacral were prepared 
in the usual way and on excitation, expansion of the limb obtained 
from all. Fig. 10 shows effect from 5th lumbar; the effect is not so 


Fig. 10. Fig. 11. 


Fig. 10. Upper curve—blood-pressure. Lower curve—volume of limb. Bottom line 
marks excitation, coil 1800. Blood-pressure zero 28 mm. below excitation marker. 


_ Fig. 11. Upper curve—volume of limb. Lower curve—blood-pressure. Bottom line 


marks excitation of 7th lumbar nerve-roots. Blood-pressure zero 50 mm. below 
excitation line. 


great from this nerve as that from those below, but I give this one as 
being the highest and therefore cut off from passage through the 
sympathetic with most certainty. 


V. THEIR “TROPHIC CENTRES” ARE IN POSTERIOR ROOT GANGLIA. 


It is well known that Lenhossek™ (p. 276) has described in the 
‘chick-embryo a number of fibres arising from cells in the anterior horn, 
which pass through the posterior root ganglion without being in con- 


nection with cells therein. No similar fibres have been described in 


the mammal, and it is most probable that the condition in the chick- 
embryo is a vestige of that remaining permanently in some fish 
(Petromyzon and Pristiurus), where some of the cells properly belonging 
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to the posterior root ganglion are situated in the spinal cord. However 
this may be, it is obvious that, if there were such fibres in the adult 
mammal, they would degenerate on section of the posterior root between 
the cord and ganglion. Experiments of this kind have been performed 
by Singer and Miinzer™, by Miinzer and Wiener™, by Kohn- 
stamm™, and by Sherrington™, who found no degenerated fibres 
peripheral to the place of section; this result I can confirm with respect 
to lower lumbar roots of the dog, treated by the method of Marchi. 
The complementary experiment was performed by Sherrin’gton™ in 
the cat and monkey; after section of posterior roots no undegenerated 
fibres were present in the central stumps. 

Although there is, therefore, no anatomical evidence of the presence — 
of efferent fibres in posterior roots, I thought it advisable to test the 


. question by excitation of degenerated nerve-roots. For this purpose I 


divided the lower lumbar and Ist sacral posterior roots in seven bitches 
as near’as possible to the spinal cord. The operation was, of course, 
done under antiseptic precautions. After an interval of from eight to 
fourteen days the animals were anesthetized and the nerve-roots excited 


in the way previously described. It was found impossible to prepare in 


a satisfactory manner the cut ends of the posterior roots inside the dura 
mater, owing to the new tissue in that situation; therefore curari was 
given and the mixed roots outside the dura mater excited. In the first 
two or three experiments, owing to an oversight, the anterior roots only 
were excited, and no effect on the limb produced; these experiments, 
accordingly, only confirm the previous statement as to the absence of 
dilators from the anterior roots. In the remaining cases dilatation was 
observed, and of an amount little, if at all, inferior to that in the normal 
animal. Fig. 11 (supra) is an example. 

In this experiment the posterior roots of the 6th and 7th lumbar 
and Ist sacral nerves had been cut eight days previously. Both 
hind-limbs were in plethysmographs; dilatation was observed from 
all the nerves on both sides, except the 7th lumbar on the sound 
side, which had probably been injured in preparation; the dilatation 
was equal on both sides from corresponding nerves (except of course in 
the case of the 7th lumbar). 

It may be of interest to mention that these animals, after recovery 
from the operation, showed the symptoms described by Baldi™, viz. 
the affected limb not used for walking, often trailed with dorsal aspect 
of foot on ground, but used in association with vigorous movements of 
fellow (normal) limb, etc. (see also Sherrington™, p. 802). 
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The spinal cord from the region of the lesion was examined by 
Marchi’s method in two cases, and showed the usual ascending de- 
generation following section of posterior roots, viz. that of posterior 
root-zone and postero-median column on the same side. 

_ In one experiment, in order to be more certain of the absence of 
escape of current to other parts, the whole lumbar cord down to the end 
was removed; nine days later the experiment was performed in the 
usual manner without curari; no muscular twitch was seen on excitation 
of the mixed roots, so that the muscular fibres had completely 
degenerated, there was nevertheless a considerable dilatation of the © 
hind-limb, see Fig. 12, which is an excitation of the Ist sacral nerve- 
roots, 


Fig. 12. Upper curve—blood-pressure. Lower curve—volume of limb. Bottom line, 
excitation marker. 


The expansion of the limb is not so great as in most cases, partly 
no doubt owing to the greater severity of the operation, so that the | 
animal was not in so good a condition as the others, and partly because | 
the animal was a small one. 

A doubt may arise as to whether a sufficient time was allowed for 
dilator fibres to degenerate; with respect to this, I may say that I took 
the longest time given by Dziedziul™, viz. seven days (and this was 
exceptional) for the dilator fibres in the sciatic to lose their excitability, 

14-2 
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and made my earliest observation on the 8th day. Dziedziul’s results, 
moreover, are put in question by Langley™ (p. 626), who, in con- 
junction with Anderson, found no effect whatever on excitation of 
the sacral nerves on the seventh day after section; Bowditch and 
Warren (p. 443) sete no effect from the sciatic of the cat after 
five days. 

I conclude, therefore, that the vaso-dilator fibres of the posterior 
roots, whatever be their nature, do not degenerate on section between 
posterior root ganglion and cord, so that they are not spinal efferent 


- fibres. It will be shown in a later section that they do degenerate 


when the posterior root ganglia are extirpated, hence their “trophic 


centres” are in these ganglia. 


VI. THEY ARE IDENTICAL WITH THE AFFERENT FIBRES 
OF THE POSTERIOR ROOT. 


From what has already been shown with regard to the course of 
these fibres, it is apparent that they are in all respects similar to the 
ordinary, afferent, sensory, posterior root-fibres; and the question at 
once suggests itself are they not identical with the latter? It has long 


been known that a nerve-fibre can conduct impulses in both directions, 


but whether an impulse in what would usually be considered the wrong 
direction is able to evoke any results at the termination (that is, at the 
periphery, in the case of afferent fibres) is quite another matter. Before 
coming to any decision, it is necessary to see what elements have been 
found to be present in the posterior root ganglion. The most com- 
prehensive work on the structure of this body is that of Dogiel™ ; 
Fig. 13 is a diagram simplified from his figures, which will enable a 
short account of his results to be given. 

There are, then, five elements (see explanation of Fig. 13) to be 
taken account of: 1. The neurons of the first type, i.e the ordinary 
well-known sensory fibres with T junctions, these are of two kinds, viz., 


_ large cell-bodies with thick axons, and small cell-bodies with fine axons ; 


2. The neurons marked d in figure, which have their end-organs, instead 
of at the periphery in skin, muscle, etc., in the spinal ganglion itself; 
3. The neurons of the second type, entirely included within the 
ganglion; 4. The “sympathetic” multipolar cells of unknown relations, 
except that they, also, appear to have the termination of their processes 
within the ganglion (why they should be called “sympathetic” is not 
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quite clear); and finally there are the fibres entering from the sympa- 
_ thetic chain along the grey ramus’. 


Mave uP NERVE 


Fig. 13. 

a. Neurons of Dogiel’s first type. 

b. A neuron of the second type, forming synapses with a. 

c. Axon from sympathetic system, forming synapses with b. 

d. A neuron similar to a, but its peripheral process, instead of passing down spinal 
nerve, breaks up into fine network around capsules of the other cell-bodies, and 
is, according to Dogiel, a sensory end-organ in the spinal ganglion. 

e. Multipolar cell, connections uncertain, called by Dogiel ‘‘ sympathetic.” 


Now the fact that mechanical excitation of the posterior root is as 
well able to produce the vascular dilatation as is electrical excitation, 
enables us to exclude from any share in the phenomenon the elements 
b, c, and ¢, since no part of them is situated within the posterior root 
itself. This conclusion is strengthened by the result of application of 
nicotin, as shown by the following experiment: A medium-sized bitch 
was anesthetized and curarized, the 7th lumbar and Ist sacral posterior 
roots prepared as far as their spinal ganglia, so as to lay these bare, and 
the lumbar cord cut out. On excitation, these two roots gave a large 
dilatation of the limb; the cavity of the wound was then filled with 
a 1°/, solution of nicotin tartrate in physiological saline, care of course 
being taken that it did not reach the cut end of the cord, the spinal 
ganglia were thus soaking in the solution; after waiting some minutes, 


1 Dr Mott informs me that it is quite easy, by Dogiel’s methylene blue method, to 
confirm most of the facts described by him. 
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the nicotin solution was mopped up, and the nerve-roots again excited 
by the same current as before; the effect was undiminished. We may 
conclude from this that the course of the nerve-impulses is uninter- 
rupted by synapses in the spinal ganglion. The only elements left 
are the cells of the first type, those marked d in the figure, and the 
sympathetic fibres c, the last can be excluded at once, since our dilator 
fibres do not pass into the sympathetic; the elements d can, I think, 
also be excluded: by the following consideration. Let us suppose for 
the sake of argument that impulses pass along the fibre into the 
terminal ramifications, and there, by some obscure process, excite neigh- 
bouring structures. Now these structures can only be either the 
elements already described, and eliminated, or the neurons of Dogiel’s 
first type (a), which comes to the same thing as if these latter were the 
neurons directly excited. We are, therefore, driven to the conclusion 
that the vaso-dilator action in question is conveyed along what are 
called afferent fibres, but in an efferent direction. This conduction 
of impulses in the contrary direction to that of the afferent impulses 
I shall speak of as an antidromic conduction. 

It would be idle, in the present state of knowledge, to speculate on 
how this effect is produced, but a few words may be advisable with 
respect to some suggestions that have been made; hypotheses suggest 
experiments to confirm or refute them. Perhaps the simplest expla- 
nation is one suggested to me by Prof. Langley. The afferent fibres — 
of muscle arise chiefly, or solely, in the muscle-spindles. Now, it is 
possible that, under certain circumstances, impulses in the sensory 
fibres, passing in what I call the antidromic direction, may set up 
changes, chemical or other, in the muscle-spindles, which may somehow 
affect the blood vessels. A certain support is given to this view by the 
experiments of Severini™ (p, 96), who finds that carbon dioxide causes 
dilatation of capillaries, these experiments, however, so far as I can 
ascertain, have not been repeated. But, it seems to me, that the above 
interpretation is directly negatived by the following two experiments. 
In the first experiment, the skin of one leg of a dog was removed, and 
the foot cut off at the ankle-joint, so that only the muscle mass and — 
bones were left. This was inserted into a plethysmograph in the usual 
manner, using necessarily physiological saline, instead of water, to fill 
the tube. The posterior roots having been prepared, they were excited, 
and the dilatation of the muscular vessels observed. Now, if the above 
explanation were correct, one would expect that the effect would be 
very nearly, if not quite, as great as that in the whole limb, since the 
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explanation implies that the effect is confined to the muscles. In this 
experiment we have removed extremely little muscular tissue; on the 


contrary, however, we see (Fig. 14) that the increase of volume is very 
small, 


Fig. 14. In both tracings the upper curve is volume of limb, the lower curve—blood 
pressure. The time tracing marks seconds, and the bottom line duration of excitation. 
The upper tracing is with electrical excitation, the lower with mechanical. The 
blood-pressure zero in both is 45 mm. below the line of excitation marker. 


The next experiment is the converse of this, and shows that there is 
a very large effect in the skin alone. The foot of a dog, as far as the 


Fig. 15. Upper curve—blood-pressure, ower eurve—volume of foot. Top line is zero 
of blood-pressure. Middle line—excitation marker. Bottom line—time in 10 sec. 
intervals. 
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ankle-joint only, was put into the plethysmograph; the amount of 
muscle present here is infinitesimal, and yet, we see in the tracing 
(Fig. 15) that the dilatation is very considerable on excitation of the 
7th lumbar posterior root. 

If we take into consideration the relative volume of the tissues 
concerned in these two experiments, I think we must conclude that the 
chief seat of the vascular dilatation is in the skin. The long duration 
of the effect in some cases may appear to lend some support to the 
theory of chemical change, but the explanation of this fact given above 
(p. 181) seems to me quite sufficient. 

Another suggestion is, that the posterior root fibres may divide on 
nearing their termination, one branch going to sensory end-organ in 
skin, muscle, etc., and the other going to blood vessels, and terminating 
there as a motor end-organ, the arrangement would then be somewhat 
similar to that concerned in the production of Langley’s axon-reflexes™. 
The objection to this hypothesis is, that a vascular reflex from excitation 
of skin to vessels in itself would have practically no latent period, since 
the excitation would travel up one branch, and, at the fork, immediately 
pass down the other branch to the vascular muscle. 

_ There is a certain amount of evidence that the blood vessels are 
supplied with sensory nerves (Heger™), it may be, therefore, that these 
_ are the fibres responsible for the vaso-dilator effect under discussion. 

I think it scarcely possible that there should be a local nervous 
system in relation with the arterioles, having complex functions similar 
to that in the intestinal wall (see Bayliss and Starling™, p. 114); 
to assume this would be unwarranted in the absence of any histological 
evidence of its existence, and, it would, moreover, be very like re- 
turning to the discredited theory of “ peripheral ganglia”; whereas all 
evidence points to the fact of the normal vascular tone being of 
myogenic origin’. 

On the whole, perhaps, the hypothesis* that has the fewest inherent 
difficulties is that according to which the same nerve-terminations in 
the vascular muscle serve both sensory and motor functions. It seems 
fairly well established that the motor terminations in smooth muscle — 
are of the nature of free filaments in contact with the muscle cells (see 


1 It.is hardly sufficiently recognised that Bernstein (15 p. 602) so long ago as 1877, 
propounded the theory of the myogenic origin of vaso-motor actions, in opposition to the 
theory of peripheral ganglia then paramount. 

2 Yet another possibility may be worth mention. If the sensory motor fibres end in a 
common peri-arterial plexus, it may happen that antidromic impulses down afferent fibres 
may spread in the plexus, and so excite the motor fibres. 
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amongst others, Retzius™, p. 50); the sensory terminations in many 
tissues are of the same character, and there is no apparent impossibility 
that the same termination may serve at one time to transfer efferent 
excitation from the cord to the muscle, and at another time to take up 
excitation from the blood vessel and convey it on to the nerve-fibre 
where it becomes an afferent impulse to the cord. A certain difficulty 
in this theory is, that in some reflexes the same fibres would convey 
both the afferent and efferent impulses. | 

A short article by Kohnstamm™ bearing on this subject has 
recently appeared; in this an explanation is given of the effects 
obtained by Steirach on the frog’s intestine, to which effects I shall 
have to refer later. So far as I can understand Kohnstamm’s 
description, which is far from clear, his theory involves the assumption 
of a peripheral nervous system, but in other respects is similar to that 
suggested above. | 


VII. Is THE HIND-LIMB SUPPLIED WITH VASO-DILATORS 
FROM ANY OTHER SOURCE ? 


The remark will probably be made, that, although these antidromic 
phenomena may be of interest in themselves, as a kind of physiological 


curiosity, there is no evidence that they play any part in the normal 


life of the organism. Now, I think, I can bring evidence that tends 
to show that they do play a part in normal conditions; but, before 
doing so, I should like to state that I do not regard the experiments 
related in this section as in themselves sufficient to demonstrate so 
extraordinary a phenomenon, and purpose to continue them ; my object 
in bringing them forward here is that I wish for other observers to 
repeat them, and verify or refute my results. 

There is no doubt that vascular dilatation is produced in the 
hind-limb under normal conditions, and that it may be produced in 
’ two different ways, either by excitation of vaso-dilator fibres, or by 
inhibition, from the central nervous system, of previously existing 
excitation of vaso-constrictors. It would be distinctly anomalous if 
the limb-vessels were only capable of dilatation from the central 
nervous system by the latter method, but of course the possibility 
must be considered. If we grant for the present that vaso-dilator 
fibres can be excited from the centre, it is of the utmost consequence 
whether the hind-limbs receive vaso-dilators from any other source 
than the posterior roots of which I have spoken. Various statements 
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to this effect have been made. Jn fact, it seems to have been almost 
taken for granted, up to the present time, that the dilators must run 
in the abdominal sympathetic, but the actual evidence for this is very 
unsatisfactory. Ostroumoff™ obtained by excitation of the abdominal 
sympathetic with slow rhythmic shocks in one experiment only a 
slight rise of temperature in the paw of the same side, a number of 
similar experiments were without result, or gave fall of temperature ; 
but the evidence on which he lays most stress is of a very indirect, 
and, as it seems to me, extremely questionable nature. He states that 
a rise of blood-pressure, produced by excitation of the peripheral end 
of the splanchnic, and therefore not brought about reflexly, is incapable 
of dilating the limb-vessels, but that a similar rise of blood-pressure 
produced by excitation of the central end of the vagus does do so, 
and finally that no dilatation is produced in the limb on exciting the 
central end of the vagus, if the abdominal sympathetic, on the side 
of the limb observed, has been previously divided, at the level of the 
bifurcation of the aorta. His interpretation of these results is as 
follows: passive dilatation is never produced because the peripheral 
nervous system of the vessels reacts against it, the dilatation observed 
on exciting the central end of the vagus is caused by reflex excitation 
of vaso-dilators, and its absence when the abdominal sympathetic is 


‘cut is due to the fact that these dilators run in that nerve chain. 


Now the first of the above statements is, to me, totally incompre- 
hensible, and I can only ascribe it to the fallacious method employed, 
viz, measurements of temperature between the toes, on the contrary 
one of the greatest difficulties in working with vaso-motor nerves, and 
especially their reflexes, is to eliminate passive effects. As regards 
the second statement, I can only look upon it as particularly un- 
fortunate that the central end of the vagus nerve was chosen for 
excitation, it is well known that from it both pressor and depressor 
reflexes are obtained, and which predominate depends on circum- 
stances; in fact Ostroumoff himself sometimes obtained a fall of 
blood-pressure. As regards the last point, the experiments with intact 
and cut sympathetic were not performed on the same animal, and, 
moreover, division at the level of the aortic bifurcation would not 
cut off all the vaso-constrictor fibres from the limb. A converse 
experiment was performed by dividing all the roots of the lumbo- 
sacral plexus on one side, in this case, excitation of the central end 
of the vagus, as also asphyxia, caused a rise of temperature in both 
limbs, as would naturally be expected. According to Ostroumoff, 
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however, it shows that the vaso-dilators were equally intact on both 
sides. On the whole, after reading his paper carefully, I cannot admit 
that any satisfactory evidence is brought forward to prove his statement. 

The experiments of Puelma and Luchsinger™ are sometimes 
quoted as supporting Ostroumoff, but their statements are somewhat 
contradictory. The experiments consisted in dividing either the sciatic, 
or the abdominal sympathetic, in the cat, and observing the, presumably 
reflex, vascular dilatation of the paw produced on placing the animal 
in a warm atmosphere. The first statement made is that the dilatation 
is absent on the side of the lesion in both cases. In another series 
of experiments, the sciatic was cut on one side and the abdominal 
sympathetic on the other side; the dilatation on warming was now 
found to be less in both hind-paws than in the fore-paws, « fact in 
itself not of great moment, while it was obviously greater on the 
side on which the sympathetic only had been cut, showing, as they 
themselves admit, that dilators do pass into the sciatic from other 
sources than the abdominal sympathetic. Thus although they express 
themselves as believers in the passage of dilators down the sympathetic 
the evidence is not conclusive, 

Dastre and Morat™ (p. 247) are, so far as I can find out, the 
only remaining observers who have made experiments on this point. 
They find that excitation of the sympathetic just above the diaphragm, 
or above the 2nd and 3rd lumbar ganglia, causes dilatation in the 
hind-foot, whilst excitation below these ganglia causes constriction. 
They consider that the 2nd and 3rd lumbar ganglia send vaso-con- 


strictor fibres to the vessels of the foot, and that the tonic action . 


of these ganglia is inhibited by fibres running to them from the 
spinal cord. Langley™ (p. 675) has not been able to detect any 
such difference between excitation above and below these ganglia, 
“except in so far that more care is required to avoid reflex dilatation 
when stimulating above than when stimulating below the ganglion. 
And the action of nicotin in the cat shows,” he thinks, “that the 
2nd and 8rd lumbar ganglia send no nerve-fibres of any kind to 
the foot.” 

Having shown, then, that there is no evidence of vaso-dilator fibres 
for the hind-paw in the abdominal sympathetic, we come to the 
statements of Laffont™ who finds that the dilator fibres concerned 
in the production of Lovén’s reflex on the saphenous artery leave 
the cord by the anterior roots and sympathetic rami of the 2nd, 3rd 
and 4th lumbar nerves. Now we know that vaso-constrictors are given 
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off as far down as the 4th lumbar, and, since Laffont did not take 
any blood-pressure tracing, there is no doubt that he produced a 
considerable rise of blood-pressure, which, in its turn caused a passive 
_ distension of the saphenous artery. 

Schafer™ has shown that in the anterior roots of the cat there 
are cells probably belonging to the anterior horn; it is possible that 
there may be similar cells in the dog, and that these may be in 
connection with vaso-dilators. It has been shown above that excitation 
of anterior roots has no effect on the limb. But, it may be said, 
constrictors may be simultaneously excited and counteract the dilator 
effect. In answer to this, I may point out that when dilators and 
constrictors are together present in a nerve-trunk, as for instance the 
sciatic, excitation by tetanizing currents always produces a constriction, 
which may or may not be followed by a dilatation. Nothing of this 
kind, however, can be seen in the case of the lower lumbar anterior 
roots, and I do not think that there is any reason to suppose that the 
cells in question, even if present in the dog, have anything to do with 
the production of vascular dilatation in the hind-limb. Of course, in 
the case of the experiment described earlier in this paper (p. 191) in 
which the lower part of the cord was removed, the fibres arising from 
Schiifer’s cells would not be degenerated, since, however, no muscular 
contraction was obtained on exciting the roots, the neurons in question, 
if present, must belong to the autonomic system. 

Prof. Schafer has also suggested to me that these cells might send 
dendrites up the posterior roots and that their excitation might account 
for the posterior root effect, without necessitating the assumption of 
antidromic impulses in afferent fibres. Apart from the fact that we 
have, so far as I am aware, no histological evidence of the existence of 
such structures, I think the result of the experiments described below, 
in which excision of the lower lumbar and upper sacral spinal ganglia 
caused degeneration of all the vaso-dilators of the lower limb, although 
the anterior roots were uninjured, as shown by the absence of motor 
paralysis, sufficient to show the non-existence of such dendrites. 

The experiments in question, three of which have been performed 
up to the present, were as follows: 

The spinal ganglia on one side were extirpated from the 4th lumbar 
down to the 2nd sacral inclusive, and the cut peripheral ends of the 
two sciatic nerves excited on the ninth day after the operation, curari 
being given. On the side of the lesion vascular constriction only 
could be obtained, either on excitation with rhythmic induction shocks 
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every 1 or 2 secs. of various strengths, or on pinching the end of the 
nerve; on the sound side vascular dilatation was obtained in most 
cases of excitation by rhythmic shocks and always by pinching the 
nerve, Fig. 16 shows the different effect on the two sides. 


Fig. 16. Upper curves—volume of limb. Lower curves—blood-pressure. Time trace 1 sec. 
- Bottom line marks excitation, shocks 1 per sec. of same strength in both cases, 


and the second tracing was taken immediately after the first. Blood-pressure zero 
77 mm. below excitation marker. 


It will be seen that there is no trace of dilatation on the side of the 
lesion, not even after the constriction has passed off. I conclude, 
therefore, that all the vaso-dilators were degenerated. 

These results, if true, and it is necessary that more experiments be 
done to decide the question finally, mean that, if vascular dilatation in 
the hind-limb is produced at all by excitation of vaso-dilator fibres, the 
impulses must be of the kind called by me antidromic, and must pass 
down posterior root fibres. 

An unexpected difficulty was met with in some experiments made 
for the purpose of: finding some method of excitation that could be 
depended upon to excite any vaso-dilator fibres in the sciatic, if such 
were present, Rhythmic shocks of 1 per sec., or every two seconds, do 
not invariably produce dilatation in the normal animal, but I hope 
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to find some form of electrical excitation, either by condenser discharges 
or currents from an alternator, that will approximate more closely in ~ 
time-course to the optimal stimulus for these fibres, the “characteristic” 
as Waller™ calls it, which is evidenily very different from that for 
the vaso-constrictor fibres. Fortunately, we have in mechanical 
excitation, by pinching or crimping, a means which, as far as my 
experience goes, never fails to reveal the presence of dilators in nerves 
where they are present. It is obvious, however, that this form of 
excitation can only be practised once or twice on the same nerve, 
so that it can only be used as a final crucial test. — , 

Since, then, all the vaso-dilator fibres of the hind-limb appear to be 
afferent posterior root fibres, it must be that there is in normal life 
an antidromic excitation of these fibres, unless we are prepared to deny 
excitation of vaso-dilators and to postulate that the only vascular 
dilatation taking place normally in this case is that produced by inhibi- 
tion of vaso-constrictor tone. | 

Now, in some experiments in which I have had occasion to cut the 
abdominal sympathetic I have been struck by the fact that no dilatation 
of the limb was produced; once or twice there was a slight expansion, 
but it was so small as to be within the limits of experimental error. 
- Moreover, in two experiments made for the purpose, freezing the sciatic 
_ nerve produced a slight constriction in the limb. These results have 
led me to doubt whether there is any notable amount of tonic vaso- 
constriction in the case of the hind-limb, and to think that Goltz is 
probably correct in his statement that the effect of section of the 
sciatic is due to traumatic excitation of vaso-dilators (p. 190). The 
question, however, needs further investigation. 

An old observation by Luchsinger™ seems to show that vaso- — 
dilators are actually excited in normal vascular reflexes. The ex- 
periment was as follows :—In a kitten the sciatic nerve on one side was 
cut. By this means the maximal dilatation possible by inhibition of 
constrictor tone was produced, and indeed exceeded, since section of the 
sciatic excites the vaso-dilator fibres (as shown by Goltz). The toe- 
pads on the side of the lesion were now redder than on the sound side. 
If, however, the animal was placed in an incubator heated to 60° or 
70° C. the sound paw become very much redder than that in which the 
sciatic was cut, showing plainly that reflex excitation of dilators had 
taken place, since the effect was greater than that produced by removal 
of tonic constriction. Another form of the experiment is also of 
interest ; the kitten was first exposed to the warm atmosphere; both 
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paws became red, but on section of one sciatic the paw on that side 
immediately became paier. 
_ In some experiments that I have made for the purpose I have obtained 
some evidence of reflex excitation of posterior root vaso-dilator fibres, but 
as the work is still incomplete I will at present merely indicate the 
nature of the experiments in a few words. In the rabbit I find the 
dilatation of the hind-limbs obtained by excitation of the central end of 
the depressor nerve (Bayliss™) still present after extirpation of the 
abdominal sympathetic on both sides from the 4th to the 7th himbar 
ganglia inclusive, by which means all vaso-constrictors are cut off from 
the limbs. I have not yet been able to apply the crucial test of 
dividing the lumbar posterior roots on one side and thus abolishing 
the effect on that side while leaving it present on the other side; the 
rabbits would not stand the severe double operation. In the dog the — 
central end of the vagus sometimes, with weak exciting currents, gives 
a fall of blood-pressure and dilatation of the hind-limb, this effect is not 
prevented by extirpation of both abdominal sympathetics but is abolished 
by section of cord at the third lumbar nerve-root. I have not yet 
succeeded in exciting the depressor in the dog, though Cyon states 
that this can be done“, 

I may point out here that the experiments of Gotch and Horsley 
on the mammalian spinal cord™ (p, 489) and those of Mislawsky on — 
that of the frog show that there is no block to the passage of impulses 
from the cord backwards down the posterior roots, nor from one posterior | 
root to another; whereas there is such a block to a passage up the 
anterior roots, an impulse cannot pass from any anterior root into the 
columns of the cord, much less into a posterior root or another anterior 
root, 

As to the bearing of the experiments related in this section on the 
mode of action of the depressor nerve, and the cognate question of the 
existence of a vaso-dilator centre, I must be content for the present 
with referring those interested to Cyon’s article in Richet’s Dictionnaire 
de Physiologie™ (p. 784 et seq.). | 


VIII. THE VASO-DILATORS OF THE FORE-LIMB, AND OTHER 
_ ©ANTIDROMIC’ EFFECTS FROM POSTERIOR ROOTS. 


It would be a very anomalous state of things if the vaso-dilators of 
the hind-limb of the dog were the only nerve-fibres capable of the 
antidromic excitation treated of in the preceding pages. 
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204 W. M. BAYLISS. | 
On the fore-limb of the dog I have performed four experiments, and 


obtained vascular dilatation from the posterior roots of the 6th, 7th and 
8th cervical and 1st thoracic nerves, these are, as will be recognized, the | 


nerves forming the brachial plexus. No effect was obtained from the 


_ nerves lower down, except constriction on using strong currents, which 


was no doubt due to electrotonic escape to anterior root-fibres or rami. 
I have already (p. 27) discussed one of these experiments, and given 
tracings (Figs. 6, 7, 8 and 9) of the effects produced. In one experiment 
a slight effect was obtained from the 5th cervical. 

As regards the cat, I have found it more difficult to obtain positive 
results, the nerve-roots, both anterior and posterior, seemed to lose their 
excitability very quickly. Whether this was due to anesthetic vapour 
in the air of the-room (see Gotch and Horsley™, p. 281) I am unable 
to say. ‘Two experiments, however, were successful; by making the 
observations as soon as possible after preparation of the nerve-roots, I 
obtained dilatation in the hind-limb from the posterior roots of the 6th 
and 7th lumbar nerves. Fig. 17 shows the effect. 


Fig. 17. Upper curve—blood-pressure. Lower curve—volume of limb. Upper of the 
two bottom lines—excitation marker, lower one—time in 1 sec. 


The fall at the beginning of the limb tracing, before excitation, 
may, perhaps, be looked upon with suspicion, the cause of it, however, 
has nothing to do with the vascular mechanism, as is shown by the 
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entire absence of any change in the blood-pressure curve, it was simply 
due, in fact, to the experiment having been performed immediately 
after filling the plethysmograph with warm water, and, being done on 
a cold day in March, the water was cooling rapidly and so diminishing 
in volume. The nerve excited in the tracing was the 7th lumbar, coil 
at 1700. A slight effect was obtained from the 6th lumbar. Ten 
minutes later no effect was to be got’from either nerve and the anterior 
roots also were inexcitable. 

Bradford™ (p. 387) has shown the presence of vaso-dilators from the 
kidney vessels in the mixed roots of the 11th, 12th and 13th thoracic 
nerves, I thought it worth while, therefore, to excite the posterior roots 
of these nerves; I have only done one experiment as yet and obtained 
a very slight effect from the posterior root of the 12th thoracic. On 
consideration, I think the kidney an unfortunate choice for the investi- 
gation of vaso-dilators to the viscera, since it appears to have a very 
scanty supply of these nerves; this is shown by the fact, amongst others, 
that no actual increase of volume of the kidney can be obtained on 
depressor excitation, although all other organs investigated show such. 
(See my paper on the depressor nerve*?.) It appears, indeed, that the 
_ large dilatation produced in the kidney by diuretics is due to a direct 
action on the blood vessels, analogous to what seems tobe the case in 
voluntary muscle, In future experiments, accordingly, I propose to 
take either the intestine, or spleen, for observations on posterior root 
. dilators. 

Another kind of antidromic action of posterior root-fibres is that 
described by Steinach and Wiener™, who state that movements of 
the intestines in the frog can be obtained by excitation of peripheral 
ends of posterior roots; Horton-Smith™ was unable to confirm their 
results, but obtained effects on skeletal muscle; Steinach™ reaffirmed 
his previous statements in 1898, while Horton-Smith’s results were 
confirmed by Wana™, The question must be looked upon as un- 
decided up to the present. 

I may also hazard the suggestion that Heidenhain’s “ pseudo-motor” 
contractions in the tongue obtained by exciting the lingual nerve after 
degenerative section of the hypoglossal™ may come under the head of 
antidromic actions. 


1 I may perhaps be allowed to take this opportunity of adding to the list of organs 
in which actual expansion takes place the following, viz. the spleen of ‘the cat, and the 
ear of the rabbit; 
the paver redeered to. | 
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It appears certain that some vaso-dilators pass out from the spinal 
cord in anterior roots; Gaskell™ has shown this in the case of the 
nervi erigentes, and Dastre and Morat™ (p. 100) in that of the vaso- 
dilators of the bucco-facjal region. 


IX. NOTES ON SOME RELATED POINTS. 


Vaso-dilators of voluntary muscle, A subject only incidental to the 
present work, but of some interest in itself, is that of the vaso-dilator 
nerves of voluntary muscle. The tracings already given in Fig. 14 and 
also the fact that no greater effect was obtained by pinching the sciatic 
nerve, seem to lend considerable support to Langley’s contention™ 
(p. 640) that the results of Gaskell are not due to excitation of 
vaso-dilator nerves properly so called, but to some effect of the con- 
traction of the muscular fibres, perhaps products of metabolism. 
Severini’s experiments on the action of carbon dioxide™, if correct, 
are of interest in this connection. Lactic acid, according to Osborne 
and Vincent, has no effect on the blood vessels of the mammal 
(p. 298); according to Gaskell™, however, it dilates the arteries of 
the muscle of the frog; and, moreover, he himself™ (p. 67) suggests an 
explanation of vascular dilatation in active muscle similar to that of 
Langley mentioned above. 

The impression one gets from the small amount of vascular iatetinn 
obtainable by excitation of vaso-dilator nerves to muscle is that the 
blood vessels of this tissue take part in general vascular reflexes to aid 
in the production of a large fall of general blood-pressure, but that the 
effect is not large enough to be of importance in the functional activity 
of the tissue. 

Relation to certain pathological facts. I do not feel competent to 
discuss the bearing of the facts brought forward in the preceding pages 
on pathological phenomena, and will therefore merely refer to the 
well-known vascular lesions associated with tabes, which is an affection 
of the sensory side of the central nervous system; and also to the 
interesting work of Head™ on changes in the posterior root ganglia in 
cases of Herpes Zoster, which seems to show the existence of antidromic 
impulses in the posterior root-fibres of another kind than that treated 
of in the present paper. 

In conclusion I should like to express my thanks for valuable 
suggestions and criticism to Dr Anderson, Prof. Langley, Prof. 
-Morat, Dr Mott, Prof. Schafer, and Prof. Starling. 
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1 X. SUMMARY OF CONCLUSIONS. 

G : 1, There are nerve-fibres in the posterior roots of the 5th, 6th, 

a a - and 7th lumbar and Ist sacral nerves, excitation of which, when cut 
away from the spinal cord, gives rise to vascular dilatation in the 
hind-limb of the same side. The excitation may be either electrical, 
mechanical, chemical, or thermal, and of these, mechanical excitation is 
most effective. | 

2. These fibres do not pass into the abdominal sympathetic chain, 
and therefore must proceed directly into the lumbo-sacral plexus. 

3. They do not degenerate when cut between spinal cord and 
posterior root ganglion, hence they are not spinal efferent fibres. They 
do degenerate when posterior root ganglia are extirpated, hence their 
“trophic centres” are in these ganglia. 

4. They are, in fact, identical with the ordinary sensory afferent — 
posterior root-fibres; the name “antidromic” is suggested for the 
process by which nerve-fibres convey impulses in a direction contrary to 
that assumed by the Bell-Majendie law, when such impulses produce 
effects in the organs at the origin of such fibres, eg. when afferent 
fibres excited at their ends in the central nervous system produce 
vascular dilatation at their peripheral ends in the tissues of the body. 

5. There is no evidence that the hind-limbs receive vaso-dilator 
fibres from any sources other than the above-named posterior roots. 

6. There is a certain amount of evidence tending to show that 
these fibres are excited, antidromically, in reflex vascular dilatation of 
the hind-limb, but further work is necessary. 

7. It is doubtful whether there is normally any considerable 
amount of tonic excitation of vaso-constrictors of the hind-limb, and, 
this being so, reflex vascular dilatation must be produced chiefly by 
excitation of vaso-dilators, and only to a small degree, if at all, by . 
inhibition of vaso-constrictor tone. 

' 8. Voluntary muscle is too scantily supplied with vaso-dilator 
nerves for these to have any importance in the functional activity of 
the tissue. 

9. The vaso-dilators of the eee tinh of the dog are situated in the 
posterior roots of the 6th, 7th, and 8th cervical, and 1st thoracic nerves, 

perhaps to a small amount also in that of the 5th cervical. 
F 10. Vascular dilatation has also been obtained in the hind-limb of 
the cat by exciting the posterior roots of the 6th and 7th lumbar 
nerves. 
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AN ATTEMPT TO ESTIMATE FATIGUE OF THE 
CEREBRAL CORTEX WHEN CAUSED BY ELEC- 
TRICAL EXCITATION". By A. G. LEVY (M.D. Lonp.). 
(Ten Figures in Text.) | 


(From the Laboratory of Pathological Chemistry of University 
College, London.) 


I. HistorY OF THE SUBJECT AND AIM OF THE PRESENT RESEARCH. 


FRANCK and Pitres* remarked some years ago, that if a faradic 
current be applied for a sufficiently long period to a point of the motor 
region of the cerebral cortex, the correlated muscle, at first contracted, 
gradually passes into a state of relaxation; that this happens prior to 
any appearance of fatigue in the muscle itself or its nerve, and that 
this particular point of the cortex is then no longer excitable, but will 
again become so if left in repose for an interval of a few minutes’ 
duration. These observers also remarked upon a similar inexcitability 
of the motor cortex subsequent to powerful and prolonged cortical fits 
when evoked in the course of their investigations. | 

These experiments considered in conjunction with more recent work 
upon central nervous physiology may be the starting point of so many 


paths of interesting conjecture, that acting upon the suggestion of 


Mr Victor Horsley, of whose kind advice I have had many oppor- 
tunities of availing myself, I have endeavoured in this investigation to 
confine the study of the subject to the question of fatigue of the cortex 
especially ; subsequently the research has been extended to the investi- 
gation of fatigue of different points in the chain of nerve-fibres and 
centres which conducts the motor impulse from the cortex to its 
muscular destination, the results of which I intend to embody in a 
further communication. | 


1 Towards the expenses of this research a grart was made by the British Medical 


‘ Association on the recommendation of the Scientific Grants Committee of the Association. 


2 Comptes Rendus de la Soc. de Biologie, Oct, 18, 1878, 
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II. Merrnops. 


Animal and anesthetic employed. The majority of the experiments 
were performed upon cats, a few only upon dogs. In the case of 
the latter animal, the muscle curves obtained on cortical excitation 
frequently present certain irregularities, whereas cats not only give 
more constant results, but also are preferable by reason of their smaller 
size allowing of a more rapid induction of the fatigue phenomena, this 
being an advantage in connection with the recording and mensuration 
of the curves. . 

The animal was placed under the influence of a general anesthetic 

throughout the experiment. | | 

As the nerve tissue of the cortex cerebri is extremely sensitive to 
_ the frequent, though often slight, variations of the degree of anzsthesia 
such as necessarily occur when ether is used, this latter anesthetic 
could only be employed for the preliminary preparation of the animal. 
The actual experiments were, therefore, generally performed under 
narcosis induced by morphine, by means of which drug the animal may 
be kept in a state of anesthesia, which is practically unchanged in 
degree over periods of fifteen to twenty minutes, and often longer. 
From two to ten minims (‘118 to ‘59 c.c.) (according to the size of the 
animal) of a 10°/, solution of morphia acetate were injected subcuta- 
neously about a quarter of an hour before commencing the excitations. 
It cannot be claimed that the cortex will remain in an absolutely constant. 
degree of anawsthesia, but under the conditions just stated, comparisons 
may be safely made between two or three consecutive curves. ) 

Estimate of the discharge of the nerve centre excited. For an index 
of the length of time during which the nerve centre under observation 
continued to discharge, the contraction of the correlated muscle or 
group of muscles was found very efficient, provided that it worked 
against a constant resistance. 

In addition to the muscle serving as an index of the period during 
which a nerve centre discharges, the height of the muscular contraction 
serves within limits as a record of the intensity of the discharge. The 
graphic curves show ewactly how long the discharge continues’, but 
the height of the curve shows only the relative intensity of the nerve 
current, for the relation between increments of tetanising nerve currents 
and the heights of the resulting muscular contractions is unknown, and 


1 In the absence of slight ‘‘ contraction remainders” which not infrequently occur, 
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would indeed probably vary with the peculiarities of structure of the 
particular muscle employed. 

It follows that the total curve area can in nowise serve as a 
measure in physical units of the total energy output of the nerve 
discharge. It is a correct measure of the muscular energy output, and 
within limits these curve areas serve sufficiently accurately to institute 
quantitative comparisons between different discharges of the same 
central nerve apparatus and of its component parts. Another fault of 
the muscle as an index is its inability of course to indicate the relative 
effects of currents of hypermaximal muscular intensity. 

Preparation of the muscle and description of the recording apparatus. 
The anterior crural muscles of the right side were separated in a group 
and carefully raised from the femur for a considerable distance, the 
investment of fascia being left as far as possible intact. The gamentum 


_patelles was divided below the patella, and a thread ligatured just above . 
the latter. The femur was so arranged and fixed on blocks, that the 


muscle group exercised a pull at approximately right angles to the axis 
of the body. The remaining limbs were firmly secured and the trunk 


supported to exclude the possibility of registering contractions of any 
other but the selected muscles. 


The thread attached to the tendon passed over a pulley, thus , 


altering the direction of the pull from a horizontal to a vertical one. 
A small bucket attached to the distal end of the thread, and which 
weighed 70 grammes, carried a marker, and while serving as a 
resistance to the muscular contraction could be further loaded as 
required. In general, a total load of 100 grammes was employed. 
When loaded with a small resistance, such as a weight of 100 grammes, 
the powerful extensor group may be regarded for the purposes of 
cerebral experiments (1.¢. for short fatigue curves) as itself practically 
unfatigueable, and unless a very large number of experiments are 
performed, the factor of muscular fatigue may consequently be dis- 
regarded. A buffer was also arranged, when desirable, so that it just 
supported the bucket containing the weight after the inactive muscle 
had been fully extended by the latter. In this way the fatigue of the 
muscle due to continued extension was reduced to a minimum. The 
‘expression loaded en surcharge as employed by Mosso is a convenient 


one to express the loading of the muscle without employing any 


supporting buffer, thus facilitating observations upon active muscular 
relaxation. 


The marker recorded the movements of the bucket on a Hiirtle’ s 
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kymographion. An electric signal and a seconds time marker com- 
pleted the recording apparatus. The interrupted current was supplied 
by a Du Bois Reymond’s induction coil graduated by Kronecker, 
worked by three bichromate cells. When directly stimulating a nerve 
trunk it was necessary, on account of the higher excitability, in order 
to avoid employing a hyper-maximal stimulus, to work with only two 
battery cells. 

The stimulation was applied by means of platinum electrodes. The 
anterior crural nerve trunk was exposed, when necessary, in its course 
through the psoas muscle, a pair of curved platihum electrodes being 
hooked on to it, a thin sheet of indiarubber being interposed between 
the electrodes and the surrounding tissue. 

The curves of muscle contraction and their mensuration. In referring 
to the muscle curves, by the term “height of contraction” is implied 
the measurement of the distance in millimetres between the points of — 
maximum contraction and of rest. This maximum height of contraction 
multiplied by the weight employed (in grammes) gives the total of the 
work done against gravity in gramme millimetres, at any given moment. 
For the total work done during the whole excitation, the area of each 
curve was taken. 

The “area” of the curves was measured by means of Amsler’s polar 
planimeter, the abscissa line completing the perimeter of the figure. _ 

These curve areas, provided that the curves are all written on a 
surface moving at a standard velocity, become when multiplied by the 
resistance, measures of output of energy, and as such it is suggested 

offer means of comparing the output of different nerve centres inner- 
vating the muscle investigated’. | 

General description of the figures illustrating the paper. All the 
- tracings are reproduced on a scale equal to one-half the size of the 
originals, and are to be read from left to right. The measurements 
given are those of the original curves. 

The electric signal denotes the period of application of the faradic 
current, 

The time marker in every case registers intervals of one second. 

In each experiment the muscle is loaded with a weight of 
100 grammes unless stated otherwise, 

The strength of the stimulation is usually expressed in figures 
denoting Kronecker’s graduations, the notation of the centimetre scale 
being, however, employed in some instances. 


1 See Horsley. Brain, 1898. 
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III. EXPERIMENTS UPON THE CEREBRAL MOTOR CORTEX WITH 
"CONTINUOUS FARADIC EXCITATION. 
(a) General considerations. 

_Every definite muscular movement is represented in the cortex over 
a more or less diffused area, but the area of most intense representation , 
is more limited (Horsley and Beevor'). It is this limited area 
which responds most rapidly to faradic stimulation, and when thrown 
into action causes the most intense and longest sustained muscular 
contractions. 

The quadriceps cruris group of muscles is as a rule most. strongly 
represented in the dog’s brain in about the middle third of the 
convolution which is posterior to the crucial sulcus, but in the cat the 
corresponding cortical area is nearly always situated in the upper third 
of the anterior convolution, rarely in the posterior, in which the whole 
representation of the lower limb is usually stated to exist. _ 

Naturally, a prolonged stimulation of this circumscribed seat of 
maximum representation does not exhaust the whole of the cortical — 
motor cells correlated with a group of muscles. The action of the 
current is not confined to the strip of tissue between the two arms of 
the electrode, but is disseminated from the pvint of application through 
the medium of the association fibres of the cortex, and by the agency 
of surface diffusion. However, whilst it is impossible to determine 
whether every individual of the cell group is affected, it may be readily 
demonstrated, as in the experiment immediately to be related, that the 
more distant portions of the area of representation may certainly escape 
total fatigue. 


Exp. No. 1. The most active part of the cortical centre representing the 
anterior crural muscular group of a dog was stimulated with a faradic current 
until complete muscular relaxation was established, thus registering a typical 


- cortical fatigue curve (Fig. 1a). Once the stage of relaxation was reached, 


as the tracing shows, continuance of the stimulation failed to evoke any 
further reaction (6). On the other hand transference of the electrodes 
to a more remote portion of the centre (as in this case from the posterior 
to the anterior central’ convolution) evoked a further well-marked muscular 
contraction (Fig. 1 ¢). | 


It is evident that the graphic curves do not serve as ati indication 
of the total possible energy of the whole group of cells composing the 


1 Phil. Trans. Roy. Soc. London, Vols. cuxxvi1. and cuxxix. 
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cortical representation of the muscle investigated, but they are a very 
effective indication of the energy value of the area of most intense 
(t.e. focal) cortical representation. 


Fig. 1. Fig. 2. 
Fig. 1.' Dog. Angsthetic, ether; narcosis somewhat deep. Stimulation = 2000. 
Fig. 2. Cat. Stimulation = 30cm. (2 cells only in the battery), Anterior crural 
nerve stimulated in continuity with a moderate strength of current. 
Note, In this instance the points of the markers are not quite vertically super- 
imposed. 


The fact has already been referred to (see p. 212) that even the 
longest of these cortex curves is not complicated by any factor of 
muscular fatigue, but an illustration of this may be usefully appended 
here. | 


Thus Fig. 2 illustrates the curve obtuined on excitation of the anterior 
crural nerve in a cat for a period extending over some 35 seconds. Generally — 
the stimulation may be much further prolonged before any indication of 
muscle fatigue appears. 


(b) General characteristics of the curves produced by stimulating 
the cerebral cortex with a moderate stimulus continuously. 


The curves thus produced may for convenience be designated 
“cortex curves.” They present certain features, which may be here 
described apart from those bearing directly upon the onset and progress 
of the process of fatigue, as may be seen in typical tracings (e.g. Figs. 
la and 36). The initial portion of the curve represents a tonic 
contraction of the muscle gradually attaining its maximum by sum- 
mation of stimuli, and the latter part of the curve exhibits a more 
clonic character, especially marked in the stage of muscular relaxation, 
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This clonic condition is apparently unfavourably modified by morphia 
narcosis. Under light ether narcosis it is frequently more marked. 

The initial portion of the curve is naturally modified in conformity 
with (1) the degree of inherent excitability of the cortex (itself liable 
to be modified according to the depth of narcosis), and (2) variations in — 


the strength of excitation. Increase of either of these two factors tends 


to produce a more rapid ascent of the curve to its highest point. 
The application of a somewhat stronger stimulus tends to result in 


_ the obliteration of clonic characteristics, and a more unbroken tracing | 


generally is produced. (Compare curves b and ¢, Fig. 3.) 

It should here be observed that the contraction remainder some- 
times found persisting after cessation of excitation is perhaps of 
peripheral origin. 


Fig. 3. Cat. Anesthetic, morphia. 


In this animal the point of most intense cortical representation was situated (ex- 
ceptionally) in the posterior central convolution. 

(a) Stimulation = 600, resulting in alternating inhibitory and motor effects, the anterior 
central convolution being excited. Load = 850 grammes. 

(b) Normal cortex curve. Stimulation = 700. 

Height of curve, 39mm. Area of curve = 10°7 sq.cm. 

(c) Cortex curve resulting from a stronger stimulation, viz. 1500, showing a less 

broken outline, 
Height of curve = 36mm. Area of curve = 10°6 sq. cm. 


(c) The evidences and characteristics of fatigue observed on stimulating 
the motor cortex continuously with currents of moderate strength. 
The most convincing evidence of the occurrence of fatigue lies in 
the observation that by the time the muscle has become, in the course 
of an experiment, completely relaxed, the cortex is quite inexcitable 
further to the same or a somewhat stronger stimulation (see ante, 
Exp. No. 1), and reacts only insignificantly to a greatly increased 
stimulus, a quiescent period of a few minutes’ duration being requisite 
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for the complete restoration of functional activity. It is difficult to 
regard this as evidence of anything else than that the cortical motor 
cells have become fatigued. 

Some further light may I think be cast upon the matter by a 
consideration of the subject of cortical fits. These pretty generally 
follow the cessation of application of a faradic current of short duration 
to the motor cortex, but it is the rule in experiments such as I have 
described involving fatigue, that no fits occur; they do occasionally 
appear, however, but then in a moderate form (eg. Fig. 5). It would 
thus appear that after the prolonged stimulation to the point of failure 
of reaction, the cortex is incapable of any further discharge. The 
occasional incidence of moderate fits may I think be readily accounted 
for. when it is remembered that it is the nature of cortical fits to spread 

from the point of irritation, and that there may remain a peripheral 
_ gone of the cortical centre experimented upon remaining — 
(See ante, Exp. No. 1.) 

At the same time it must be admitted that there are certain 
experimental details which somewhat militate against an absolute 
conclusion in this connection. Firstly the majority of the experiments 
were performed under morphia narcosis, which is known to have a 
moderating influence on the incidence of cortical fits. However, they 
were almost constantly absent in the course of a very large number of 
experiments of this nature, and such also was the case in a few instances 
in which morphine was discarded and the animal lightly anzsthetised 
with ether vapour. Secondly the generality of the stimulations em- 
ployed were of a moderate intensity only, whereas powerful stimuli are 
more potent in the production of the phenomenon in question, In 
certain cases in which fairly powerful stimulations were employed 
the non-occurrence of fits was still remarkable, and although very 
powerful continued excitations may be followed by a fairly intense 
discharge of this nature, yet it has not then the same significance in 
relation to fatigue, as will be made apparent from a study of the effects 
of powerful stimuli. (Section ¢.) 

The actual time during which electrical excitation must be main- 
tained before the cortex becomes completely fatigued varies considerably 
even in individuals of the same species. In the cat, when employing 
the standard load of 100 grammes, the total period of maintenance of 
some degree of muscular contraction evoked by excitation of the cortex 
is very seldom found to exceed thirty seconds, and most commonly falls 
considerably below this duration. When once the cortical discharge 
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commences to fail, the process of exhaustion proceeds rapidly, some 
slight variation being evident in different individuals, as is portrayed in 
the corresponding contours of the terminal portions of the various 
cortex curves reproduced. 

It is thus characteristic of cortical fatigue that it is early in its 
onset, and rapid in its progress, and in both these particulars it exhibits 
a marked contrast to the process of fatigue of a muscle evoked by 
continued stimulation of its motor nerve or to fatigue of the motor 


centres of the spinal cord stimulated through the medium of a lateral 


column, for in both of these cases experiment shews that fatigue is long 
delayed and its progress is evidenced in a very gradual progressive 
muscular relaxation generally extended over a period of several 


minutes', 


(d) The changes in the muscle curve produced by application 
to the cortex of stimuli of increasing strength. 


The experiments shew that generally, and within certain limits, 
increments of strength of the exciting current result in an increase 
both of the height of contraction and of the total mensuration of the 
fatigue curves. This is true up to a certain limit of strength of 
stimulus, when apparently other centres are liable to be called into play 


and complicate the curves. 


These gradations are not always easy to obtain, for in the case of 
the cortex being very sensitive, a stimulation which is the lowest that 
will evoke a reaction at one moment, may later produce an actually 


. maximal or nearly maximal contraction. I usually, however, found 


that an increase of current above the minimal produced by approxi- 
mating the coils to the extent of 50 (as marked on the Kronecker scale 
of the induction coil) was sufficient to produce a definite increase of 
the muscle curve, sometimes almost at once a maximal increase, but 
that the effect of a variation of lower value than 50 could not be 
discriminated. 

_ As has been already remarked, curves taken at any considerable 
interval of time cannot be strictly compared with one another on 
account of a possible variation in the degree of anmsthesia, but it is 
probable that a discrepancy may be also produced through another 
agency; for there is considerable evidence that repeated or intense 
faradic stimulation increases the sensitiveness of the cortex to sub- 


ee The details of these experiments will be embodied in a future communication. 
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sequent stimulations by promoting spread of the effect within the 
centre. 

The following description of an experiment upon a dog will serve to 
illustrate the foregoing points, The tracings from this experiment are 
reproduced in Fig, 4. 


d 

1000 600 
42 


8 


Exp. No. 11. The lowest strength of stimulation to produce a 
contraction at the onset was one of 500; after a prolonged application of 
this current (for a period of nine seconds) a contraction was produced 
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12 mm. high and of insignificant curve area. After an appropriate 
interval of rest the secondary coil was approximated up to the mark 
600, and the current again applied to the cortex. Following a much 
shorter application (about two seconds) a reaction was induced, the 


resulting curve being of considerable area, viz. 7°7 sq. cm., and of 


moderate height (28°5 mm.). The next curve was the result of the 
application of an intermediate strength of current (550) and although 
the maximum height was practically identical with that of the previous 
curve, the total area is seen to be considerably less, viz. 4°5 sq. cm. 
A further increase of the stimulation to 1000 resulted in a large curve 
measuring 42 mm. in height and 11°4 sq. cm. in area. There was a 
corresponding decrease in the period of application, this being reduced 
to about one second. In comparison with this the following curve 
with stimulation of 600 shows diminished dimensions (height 36: mm. 
and area 9°5 sq. cm.) but it is strikingly larger than the earlier curve of 
like strength of stimulation (the second curve of the series). Thisas has 


been already indicated may be the result of one or both of two factors, i.e. 
the effect of repeated or powerful stimulation on the excitability of the o 


cortex, or the effect of a change in the degree of morphia narcosis. 
This rise in cortical excitability is further emphasised in the following 
curve, a current of 450 only being now competent to produce a 
considerable result (height =29 mm., area=7‘7 sq. cm.). 

The results of another experiment (viz. Exp. No. 2) conducted on 
the same lines but in this instance upon a cat are shown in the tracings 
of Fig. 5. The tracings demonstrate in contrast to those of the fore- 


going series a comparatively small output of energy and indeed small 


in comparison with what generally may be obtained from the cat. 
This experiment shows admirably the progressive increase of the height 
of the contraction in parallelism with the increments of excitation, but 


the increase of the area of the curve is more irregular and less 


accentuated than usual, The mensuration of these curves is given in 
the special description of the figure. 

It may then be concluded that cortical fatigue is more rapid in its 
progress as a result of a weak stimulation and that partly as a result of 
this reduced duration of discharge, and partly owing to a less intense 
cortical reaction to a weak stimulation, the actual energy output of the 
cortex increases, within limits, as an —r _— excitation is 
applied”. 
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(e) On the effect of powerful stimuli upon the cortex. 


At the commencement of the foregoing account of the effect of an 


increasing series of excitations I had occasion to remark that these 
facts were true within limits. I have already enlarged upon the 
irregularities consequent upon the application of feeble stimuli, but 


striking deviations from the progressive plan are remarked at the other 
end of the scale. I will first mention an effect I have not infrequently 


_ noticed in dogs, and in dogs only, in order that I may dismiss it. 


A strong current applied to the cortex of these animals is liable to 
produce a curve whose area is suddenly and quite disproportionately 


increased above that of the curve induced by the immediately preceding 


grade of strength of stimulation. This is to some extent illustrated in 
the last curve of the series, Exp. No. 11, Fig. 4. These increased 
curves show all gradations up to that of a contraction of such an evenly 
continuous nature that an approach is made to the character and 


fatigue limit of the discharge from the spinal cord when the latter is 


stimulated through the lateral colump. They not infrequently com- 
plicate stimulations of only moderate strength. Their appearance 
seems to be influenced to a great extent by conditions of narcosis, 
particularly morphine narcosis, and as they must be accounted for by 
the breaking down of the natural resistance existing between nerve 
centres, they cannot be considered further here. 

The general result of increasing the strength of stimulation beyond 
an optimum point (which varies in different individuals) is best observed 
in experiments on the cat, and is exhibited in a progressive reduction 
of the curve area; that is to say the curves increase up to a certain 


Fig. 6. Cat. Anesthetic, morphia. 
(a) Moderate stimulation = 1200. 
Height of contraction = 32 mm. va ua ia 
_() Powerful stimulation = 5000. 
Height of contraction = 80 em. cm. 
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cutee point, and beyond that point tend to decrease, if the degree of 
excitation is further exaggerated. 


The notable point about this reduction of the curve is that the area 


is principally decreased by reason of a curtailment of the duration of 
the contraction, but at the same time there is found an appreciable 
reduction in the height of muscular contraction (e.g. Figs. 6 and 7). 


Fig. 7. Anmsthetic, morphia. 


Curve Strength of Height of contraction ae serve 
a 1000 36 58k 
b 2000 30 50 | 
700 41 8°5 


The term powerful excitation is of course a relative term only, 
marked reduction sometimes following an excitation of actually quite 
moderate strength, as in one instance in which the curves increased up 
to 700, but any stronger stimulation had a depressant effect. 

Were we to regard the cortical centre as a reservoir of energy of 
a definite capacity which might be completely discharged by means of 
electrical excitation, we might look for a more rapid exhaustion of this 
energy when discharged at a high tension, as when under the influence 
of a powerful exciting agency, than when discharging at a lower tension 
under the influence of an efficient yet lower strength of excitation. 
But it is evident that some other explanation than a purely dynamic 
one must be found to account for the curtailed curves just described, 
for the discharge takes place generally at an actually reduced tension, 
as evidenced by the usually diminished height of muscular contraction. 

There can be no doubt but that this effect of increasing the 
strength of stimulation is due to the involvement of an inhibitory 
mechanism. Of recent years our knowledge regarding the inhibition of 
motor nerve processes has been largely extended, mainly owing to the 
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researches of Sherrington. This observer has demonstrated the 
intimate relationship between motor and inhibitory processes in the 
spinal cord, and, in conjunction with Hering’, has located (in the 
monkey) a centre for the inhibition of any particular group of muscles 
in the neighbouring cortical motor centre representing the mechanically 
opposing muscular group. Horsley and Lowenthal’s*® experiments 
upon the “acerebral tonus” further point to an inhibitory function of 
the cerebellum. 

Horsley® has shown that the reduction of the muscle curve dine to 
hyper-maximal excitation of the cortex cerebri is probably due to such 
excitation of inhibitory mechanism, 1.e. “active relaxation” mechanism 
situated in the centre stimulated. 

It is thus evident that inhibitory centres are widely distributed 
throughout the central nervous system and often in close anatomical’ 


relation with the correlated motor centres. 


A ready explanation of the interference reaction under consideration 
would be the excitation of a neighbouring inhibitory centre by surface 
diffusion of the faradic current. It would appear that the diffusion 
area need not be a large one, for the inhibitory cells are evidently 
frequently intermixed with the more peripheral cells of the motor ~ 
centre. This is exemplified by an experiment of which Fig. 3 a is 
a tracing, exhibiting a remarkable motor and inhibitory oscillation, 
which may sometimes be obtained when the electrodes are applied to a 
point in this common territory, in this case removed from the aréa of — 
most intense representation by the width of the crucial sulcus‘. This 
tracing shows a slight initial active relaxation on applying the stimulus, 
followed by an irregular contraction of moderate extent which merges 
into a secondary marked active relaxation ceasing on cessation of the- 
stimulus’. The normal curve obtained from this cortex is shown in 


Fig. 3 b. 
(f) Stgnificance of the fatigue curves and general conclusions. 


The consideration of the relation of interference phenomena to the 
fatigue curves obtrudes the question whether this factor can be ex- 


1 Pfliiger’s Archiv, uxvim. 1897. 

2 Proceedings Royal Society, uxt. 3 Brain, 1898. 

* The muscle being loaded en surcharge. 

5 The ‘after contraction’ observed in this tracing on the termination of this relaxation 
I have found in other cases following curves of this mixed nature. I have never observed 
a tonic contraction following an ordinary uncomplicated sortical curve. 
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cluded from what I have hitherto described as uncomplicated fatigue 
curves, that is to say in effect whether the curves produced by moderate 
stimuli are purely due to fatigue and fatigue only, or whether the 
cortex discharge is cut short by inhibition. Certainly the relaxation 
stage is a rapid one, and opposed to observations on the onset of fatigue 
in muscular tissue and in the motor centres of the spinal cord, yet 
a careful consideration of all attendant facts indicates a preponderance 
of evidence in support of the view that these curves are induced purely 
through fatigue, and that inhibitory complications are only attendant 
on exceptional conditions and are readily enough recognised on their 
incidence. 

At the same time although the appearances which have beep 
described appear to appertain to a fatigue of a group of motor cells in 
the cerebral cortex, these conditions of fatigue must not be’ taken 
as applying to nerve-cell tigpue in general. Although these conditions 
are fairly closely reflected in the results of stimulating the fibres of the 
corona radiata and internal capsule, yet as I have already briefly 
indicated on p. 218 the results of exciting the motor apparatus of the 
spinal cord appear to be different. 


IV. EXPERIMENTS UPON THE CEREBRAL MOTOR CORTEX, WITH 
INTERMITTENT FARADIC EXCITATION. 


When stimulating the cortex with a faradic current continuously 
until complete motor exhaustion has occurred, the motor cells are not 
permitted any opportunity of being affected by recuperative processes. 
When applying a single moderate stimulation of short duration only, 
viz. of from 1 to 3 seconds’ duration, the cortex is in the generality of 
instances capable of responding without evincing evidence of fatigue, 
and, being in no wise exhausted as is the case after a prolonged 
stimulation, it is re-excitable immediately after the cessation of ex- 
citation. If a series of such short stimulations be applied with intervals 
of repose from one second upwards intervening, we have a set of 
conditions in which we may expect a process of cortical recuperation 
will combat the fatiguing influence of the series of excitations. This 
method of research has further some special interest in that it is more 
in touch with the method which has been generally employed in the 
investigation of the fatigue of muscle and of voluntary effort. 

The intermitted stimulations were produced by manually closing 
and opening a Du Bois Reymond key, the periods being timed by the 
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metronome. I found it advisable for the purpose of these experiments 
to maintain the cortex in its acme of functional activity consistent with 
anesthesia, and this condition was fairly readily maintained by ad- | 
ministering a mixture of air and ether vapour of which the proportions 
could be varied at will. I therefore employed this anzsthetic in 
preference to the hypodemic morphine injections used in the continuous 
excitation experiments. 

Results and conclusions. Naturally in dealing with an organ so 
sensitive and so intimately connected with other nervous apparatus as 
the cerebral cortex, one does not obtain results from experiments such 
as these with any approach to mathematical consistency. Generally it 
ig found that after prolonged repetitions of the excitation, a point of 
absolute inexcitability of the cortex is attained, as is exemplified in 
the tracing of Fig. 8, in which the muscular contractions are seen to 
form a somewhat exceptionally regular series of descending intensity. 


In such a result as is portrayed in this tracing it is obvious that the 
muscle cannot remain entirely unaffected by fatigue, but I have satisfied 
myself by control experiments that this factor is not sufficiently pronounced 
- to have any very obviously modifying influence upon the main features of 
the result. 


It not infrequently happens that an irregular response to excitation 
is the forerunner of absolute fatigue. 

In Fig. 9 is represented another type of tracing, a condition which 
in a more or less modified form is not uncommonly observed, a well- 
marked secondary rise in the cortical excitability following upon the 
induction of a partial or almost complete fatigue, sometimes a short 
period of total non-response of cortex intervening. 

This phenomenon suggests a possibility of relationship between 
itself and some results found in the course of experiments with Mosso’s 
ergograph performed by Lombard’, who discovered that a series 
of subsidiary curves of muscular contraction could be obtained by 
persisting in voluntary effort after all active response had apparently 
failed, 

In a few instances an active response was obtained to a very 
prolonged series of stimulations. This effect is so much at variance 
with the generality of the experiments, that it can hardly be considered 
as being entirely of cortical origin ; it may possibly be in some relation 
to the condition of continuous contraction previously described as 


1 Archives Italiennes des Biologie, 1900. 
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occasionally ‘occurring in dogs when continuous excitation is employed, 
in which cases the effects are undoubtedly not entirely of cortical 


origin, 


In Fig. 10 is shown the progress of fatigue under the influence of 


stimulations of slightly longer duration, viz., of three seconds; in this 


case the animal was under morphia narcosis. 

The features of cortical fatigue induced by this method are, that 
in contrast with the results of continuous stimulation, the state of 
absolute inexcitability is comparatively long delayed, and the. progress 
of fatigue is much more gradual. In Fig. 9 the results of the two 
methods are graphically contrasted. _ 

These two characteristics naturally imply a largely increased total 
output of cortical energy. 

The most probable explanation of the foregoing results lies in the 
alternation of mutually antagonistic periods of cortical activity and 
recovery. This explanation involves the theory of an active recupe- 
rative tendency of the cortex, and is in harmony with my former 
supposition, viz., that the curve produced by a moderate continuous 
stimulation is a true index of fatigue. It is interesting to note that 
after a rapid exhaustion by continued excitation, the process of recovery 


is apparently more delayed. 
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THE PHYSIOLOGICAL EFFECTS OF EXTRACTS OF 

NERVOUS TISSUES. By W. D. HALLIBURTON, MD., 

 FRS,, Professor of Physiology, King’s College, London. (Twenty- 
one Figures in Text.) 


(From the Physiological Laboratory, King’s College, London.) 


ScHAFER and Moore! appear to have been the first who noticed that _ 
an extract of brain, when injected into the circulation, produces a fall of 
blood-pressure. Mott and I* suggested that this'was probably due to 
cholin, especially as both cholin and brain extract produce a remarkable 


increase of the splenic waves. We were still further strengthened in 


this view by the work of Gulewitsch® which appeared about the same 
time. This observer found cholin by chemical tests in extracts of fresh 
ox brain, and naturally found more after the lecithin had been broken 
down by a process of previous saponification. Gulewitsch further 
found other basic substances in his extracts which were not identified ; 
neurine however was absent. — 

Other workers at the same or allied subjects are :—I. Ott‘, who has 
shown that extracts of spinal cord produce a lowering of blood-pressure ; 


- Cleghorn’, who finds that extracts of sympathetic ganglia have a 


similar action; Schafer and S. Vincent‘, who find that extracts of 
the nervous portion of the pituitary body contain both a pressor and 
depressor substance ; Howell’, who has also worked at the pituitary; 
Hunt*, who agrees with my contention that the substance chiefly 


responsible for the fall of blood-pressure in extracts of brain and sym- 
pathetic ganglia is cholin. 


1 This Journal, xx. p. 26. 1896. 

2 Phil. Trans. cxct. B. p, 248. 1899. 

3 Zeit. physiol. Chem. xxvn. p. 50. 1899. 

4 Contrib. from the Physiol. Lab, Medico-Chir. College, Philadelphia, 1898-9. 

5 American Journ, of Physiol. u. p. 471. 1899. 

® This Journ. xxv. p. 87. 1899. 

? Journ. of Exper. Medicine, mt. p. 2, 1898. 

® Proc, Amer. Physiol. Soc. Twelfth meeting, 1899. sme. Journ, of Physiol. 1. 
p. xviii. 1900. 


| 
F 
| 
| 
| 
| 4 
| 
hg 
ta 
‘ 
4 
¥ 
ld 
a 
tg 

ail 

4 

ad 

ig 

“a 

yd 

| 
| “Ka 
| 

= 

Th, tom 
wd 


4 
| 


230 HALLIBURTON. 


I have now made a considerable number of experiments on the 
subject and it was particularly in view of some of Cleghorn’s state- 
ments that these were originally undertaken. In his first paper he 
advances no opinion as to the chemical nature of the depressor substance 
contained in extracts of the sympathetic ganglia, but in a second paper" 
he states it cannot be cholin, as the effect is not abolished by atropin. 
I propose to examine his evidence for this statement later. He also 


says that extracts of other portions of the nervous system (nerve, brain, 


cord, spinal ganglia) have no effect. | 
I made a preliminary statement of my results at a meéting of the 
Physiological Society last year*. At the same meeting W. A. Osborne 


and S. Vincent’ read a paper on the same subject. We arrived at the 


same result, namely that extracts of all the portions of the nervous 
system named produced a considerable but temporary fall of blood- 
pressure. The only point on which we differed was unfortunately a 
fundamental one; they admitted cholin was present in their extracts, 
but did not admit that it was the principal cause of the fall of pressure 
because such fall was not lessened, or only slightly lessened by the 
previous administration of atropin. I have made no experiments with 
extracts of pituitary, so that that subject need not come under discussion. 

I have made altogether twenty-three experiments. Some of these 
were performed previous to the meeting just referred to, and some have 
been done since. Cats ansesthetised with A.c.£, mixture were used 
throughout. 


Action of extracts from ganglia. 


It will be convenient to take these first. Cleghorn prepared his 
extracts from either fresh or dried sympathetic ganglia, and used either 


glycerine or physiological saline solution as the extracting agent. He 
used 1 cc. of the extracting agent for every gramme of ganglia, Before 


using the glycerine extract for injection he diluted it with saline-solu- 


tion; he does not state the amount of dilution. He usually employed 


the glycerine method. 

I have repeated these experiments, and can fully confirm Cleghorn’s 
statement that a temporary fall of blood-pressure is always observed. 
In using the glycerine extracts, these were always diluted with physio- 


1 Journ. Boston Society of Med. Science, tv. p. 239. 1900, | 

2 Proc. Physiol. Soc. Feb. 17,1900. This Journal, xxv. p. vii. 

3 Ibid. p. ix. They subsequently published their results more fully in this Journ, 
xxv. p. 283. 
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logical saline solution, so that the proportion of glycerine was 1 in 20. 
| Boiling the solution, and previous section of the vagi, make no difference 
in the experimental result. 
ae Precisely similar results were obtained from spinal ganglia. The 

sympathetic and spinal ganglia used were obtained from cats. 
My experiments fully confirm those of Cleghorn, that the active 
: substance produces its effect, partly by action on the heart, and partly 
by causing a dilatation of the peripheral arterioles; and that this 
dilating action is due to action on the local neuro-muscular mechanism 
of the vessels themselves. Jn all these points the similarity to cholin is 
apparent. Further with saline extracts it can be shown that this action 
is abolished by atropin. Figs. 1, 2, 3, and 4 illustrate this. Fig. 1 
shows the fall of pressure produced by the injection of 3 c.c. of a saline 
extract of sympathetic ganglia. The extract was made by boiling the 
crushed fresh ganglia with physiological saline solution, in the propor- 
tion of 5 ¢,c. of saline with every gramme of ganglia, Fig. 2 shows the. 


Fig. 8. Fig. 4. 


Fig. 1. Effect on blood-pressare of injecting 8 ¢.c. of saline extract of sympathetic 
ganglia; time in seconds; the raising of the signal line indicates the time of 
injection. This like all the subsequent tracings was obtained from a cat. All 
tracings read from left to right. The height of arterial pressure is indicated in the 

first of each group of tracings. . 

Fig. 2. The same after atropine. 

Fig. 3. Similar effect of 8 ¢.c. of saline extract of spinal ganglia. 

Fig. 4. The same after atropine. 
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result of the injection of the same amount of extract after the cat had 
received an injection of 1 c.c. of a 0°5 per cent. solution of atropin sub- 
- cutaneously. There is now no fall but a slight rise of blood-pressure. 
Figs. 3 and 4 show a corresponding result with extract of spinal ganglia 
prepared in the same way before and after atropin respectively. 

The next series of tracings (Figs. 5, 6, 7,8, 9, 10) give typical results 
showing the effect of injection of glycerine and glycerine extracts of 
ganglia; 5 c.c. were injected in each case. Fig. 5 shows the result of 
injecting glycerine (1 to 20 of saline solution). I have other tracings 
which show that the fall of arterial pressure which this produces is 
accompanied with dilatation of the splanchnic blood vessels as evidenced 
by the intestinal plethysmograph. Fig. 8 is the result after atropin. 
Atropin does not abolish the fall produced by glycerine. Figs. 6 and 7 
show the fall of pressure produced by glycerine extracts of sympathetic 
and spinal ganglia respectively ; the slowing of the heart-beat (cholin 
effect) is here very well seen. After atropin, Figs. 9 and 10 show that 
a fall of pressure still occurs but the slowing of the heart is absent ; 


Fig. 8. , Fig. 9. Fig. 10. 


Fig. 5. Effect of injecting 5c.c. of glycerine diluted with physiological saline solution 
(1 in 20). In all subsequent tracings the amount ihjected was 5 c.c. 

Fig. 6. Effect of injecting glycerine extract of sympathetic ganglia, diluted so that the 
proportion of glycerine was 1 in 20. Note slowing of heart. 

Fig. 7. Similar effect of corresponding glycerine extract of spinal ganglia. 

Fig. 8, 9 and 10. Effects of glycerine, glycerine extract of sympathetic ganglia, and 

glycerine extract of spinal ganglia respectively in the same animal after the sub- 

cutaneous injection of atropin. Note the fall of pressure due to glycerine,. but 

absence of heart effect. These Figures are reduced rather more than Figs. 5, 6, 7. 
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and the fall is here doubtless produced by the glycerine. Glycerine 
extracts are therefore objectionable, and do not lend themselves well to 
an investigation of the problem before us. 

In his first paper, Cleghorn does not mention whether or not 


_atropin abolishes the fall of pressure. In his second, he states that 
. atropin does not abolish the fall. If he had relied on the action of 


glycerine extracts, it would be easy to explain his result, but by the 
time Cleghorn wrote his second paper he appears to have realised the 

disadvantage of employing glycerine extracts, and adopts a different 
method. He extracts the ganglia with alcohol, filters, evaporates off 
the spirit, and takes up the residue with saline solution. He admits 
that cholin is present in this solution, and finds that it produces the 
usual fall of arterial pressure. Then he removes the cholin by precipi- 
tation with platinum chloride, filters off the precipitate, evaporates the 
filtrate to dryness, and extracts the residue with saline solution. Injec- 
tion of this solution produces a fall of blood-pressure even after the 
administration of atropin. 

There appears to have been no attempt made to free the solution 
from excess of platinum chloride, which must undoubtedly have been 
present. However, I have thought it well to repeat the experiment 
just as Cleghorn describes it, and have obtained exactly the same 
results not only with ganglia, but also with brain extracts. But, I have 
also adopted the additional precaution of performing a control experi- 
ment with a solution of cholin hydrochloride ; and this control explains 
the result obtained. I took a 0:2 solution of cholin hydrochloride in 
alcohol and added alcoholic solution of platinum chloride until no 
further precipitate was obtainable; the precipitated double salt of 
cholin. was filtered off; the filtrate evaporated to dryness, taken up 
with saline solution, and the solution so obtained was injected intra- — 
venously, There was still a considerable fall of blood-pressure, and this 
was not abolished by atropin. This is obviously to be explained in 
one of two ways; it is either the excess of platinum chloride that is 
responsible for the effect, or else the double platinum salt of cholin is 
slightly soluble in alcohol, and it is this that produces the result. In 
some cats, extremely dilute solutions of platinum chloride in saline 
solution will produce a fall of arterial pressure. In other animals in 
which I have tested it little or no fall occurs. If the fall does occur, it 
is not abolished by atropin, I am however inclined to think that the 
other explanation, namely that the double platinum salt of cholin is 
somewhat soluble in alcohol, is the more probable. For, I always find 
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that in attempting to make quantitative estimations of the amount of 
cholin in solution by weighing the platinum compound there is always 
considerable loss, this loss is more marked when one attempts to esti- 
mate the cholin in organic mixtures like blood, or organic extracts. 

The fact, however, remains, whichever explanation is correct, that 
Cleghorn’s method does not really prove that the fall of pressure 
he observes is not due to cholin. Indeed after the experiments I have 
just described which show that pure solutions of cholin after treatment 
with platinum chloride, will produce a fall of pressure even after the 
animal has been atropinised, Cleghorn’s results tend to prove the 
exact opposite to the conclusion he draws from them. 

Cleghorn investigated the action of bis extracts on other physio- 
logical functions. He found that they had no action on the pupil, and 
that after subcutaneous injection in frogs, the simple muscle curve 
obtained from the gastrocnemius was much prolonged, so that the ~ 
curve resembled that obtained from a muscle poisoned with veratrin. 

Mott and I in our work on cholin did not examine the effect of 
this alkaloid on the pupil or on the muscle curve. I have now tested 
these points, and find that so far as the subject can be tested in 
anesthetised cats, cholin has no effect on the pupil. Cholin moreover 
has no effect on the simple muscle curve (tested in brainless frogs 
which had received subcutaneous injection of from 1 to 4cc. of 
0°4 per cent. solutions of cholin hydrochloride). I have also found 
that saline extracts of sympathetic ganglia or of brain have no effect 
on the simple muscle curve, but glycerine extracts produce the result 
described by Cleghorn. This, however, is entirely due to the glycerine. 
When I had found this out I placed the matter in the hands of 
Dr Willoughby Lyle to work out the details, and he has already 
made a preliminary communication on the veratrin-like action of 
glycerine, to the Physiological Society ’. 

So far I have spoken only of the physiological tests for halle: and 
so far as they go these entirely support my contention that cholin 
is the active substance in extracts of ganglia. But physiological tests 
by themselves are insufficient, especially since Dixon’ has shown 
that the physiological effects of spermine are very similar. I have 
therefore throughout supplemented these by performing the chemical 
tests for cholin. By far the most delicate and characteristic of these 


1 Jan, 26, 1901. The veratrin-like action has also been observed by pri onic 
_ Du Bois Reymond’s Archiv, 1891, p. 480. 
2 This Journal, Vol. xxv. p. 356. 1900. 
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- reactions is the obtaining of the octahedral crystals of the platinum 
double salt'. These can be obtained abundantly in all the specimens 
examined. I have always performed this test as follows. A small 
quantity, usually 5 c.c. of the extract, was evaporated to dryness and 
_ the residue taken up with absolute alcohol, The extract after filtration 
was again evaporated to dryness and again taken up with absolute 
alcohol, and this procedure repeated twice more. The final alcoholic 
solution was then treated with alcoholic solution of platinum chloride, 
and the precipitate allowed to settle, and washed with absolute alcohol 
by decantation. The precipitate was then dissolved in 15 per cent. 
alcohol, and the solution after filtration was allowed to evaporate to 
dryness at 40°C. in a watch-glass; the relative amount of the octa- 
hedra may be taken as a rough measure of the cholin originally present. 
In all the specimens examined (both of glycerine and saline extracts of 
both varieties of ganglia) the crop of crystals was very abundant. 

These experiments have shown me that cholin is not the only 
substance present. A considerable amount of the precipitate produced 
by the addition of platinum chloride is not soluble in 15 per cent. 
alcohol, or in water, and in the final crop of crystals, there are in 
addition to the octahedra other crystals mostly of needle shape as well. 
This is only what one would anticipate; in a complex. material like 
nervous tissue one would expect that substances other than cholin 
would enter into solution in alcohol; no doubt lecithin would be one of 
these, and there are also other basic substances obtained to which 
Gulewitsch called attention. 

I do not therefore claim that cholin is the only substance of 
physiological importance in extracts of ganglia, but I do claim that 
it is at present the only substance which can be readily identified there, 
and that all the effects described by Cleghorn and myself are 
explicable on the assumption that it is the active agent in producing 
such effects. 

Such a statement would be more convincing if I could present. 
accurate estimations of the amount of cholin present. I have already 
alluded to the difficulty in doing this. I have found the relative abun- 
dance of the crystals as prepared in the manner described, and which 
can be easily obtained by a microscopic survey of the watch-glass, a 
very trustworthy guide to what one would expect in the amount of fall 

® The trastworthiness and delicacy of this test is also insisted upon in the recent 


work of F. Gumprecht (Verhandl. des Congr. f. innere Med. Wiesbaden, st 326-348). 
He finds cholin in extracts of brain. 
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of blood-pressure in any given extract. So far as my weighings go, 
they show that in saline extracts of ganglia prepared by boiling 1 grm. 
of ganglia with 5 c.c. of physiological saline solution, that the per- 
centage of cholin varies from 0°05 to 0°08 per cent., and this amount is — 
ample to produce the fall of pressure observed. 


Action of extracts from other portions of the nervous system. 


I have prepared extracts similar to those just described from various 
portions of the nervous system; namely, cerebrum, cerebellum, spinal 
cord and sciatic nerve. In some cases 1 have used human brain 
obtained as fresh as possible, but in most cases have employed fresh 
nervous tissue from recently killed cats. In some cases I used glycerine 
extracts, but although these produce a great fall of pressure, I soon 
abandoned the method on discovering that part of the effect is due to 
the glycerine. In most cases I have used physiological saline (in the 
same proportion as described in connection with ganglia) as the 
extracting agent; in some cases I used the absolutely fresh tissue ; in 
other cases this was first dried, and then extracted. In some cases 
I have used the saline at the ordinary temperature of the air; in other 
cases I have boiled it with the tissue. In other cases still the saline 
extract was evaporated to dryness; the residue taken up with alcohol, 
filtered, and evaporated to dryness; the residue was then extracted 
with saline, filtered and used for injection. The resuit in all cases was 
practically the same but different in degree. The results may be 
briefly summarised as follows :— 


1. The fall of blood-pressure is partly due to effect on the heart, 
and partly to dilatation of peripheral vessels. This was tested by the 
intestinal plethysmograph. 

2. The effect is more marked, the greater the proportion of ores 
matter in the tissue used, 

_ 8. The effect is more marked when extracts are made with boiling 
than with cold saline solution. 

4. It is not abolished by section of both ek 

5. It is, however, abolished if the animal has been effectively 
atropinised. Sometimes the abolition of the fall of pressure is not 
absolute ; it generally is, and is often replaced by a rise of pressure. 
6. There is little or no effect on the respiration. 

7. These physiological tests which are all consonant with the hypo- 
thesis that the active material is cholin have been supplemented in 
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every case by chemical tests. The iodine test for cholin is not very 
delicate nor in the presence of other organic substances very trustworthy. 
I therefore rely principally on the platinum chloride reaction already 
fully described in connection with my experiments on ganglia. So far 
as the method can be used quantitatively, and I have already pointed 
out its deficiencies in this respect, the extracts obtained from brain are 
richer in cholin than those of ganglia, the amount in extracts of grey 
matter usually approaching 0°1 per cent. This would be quite in 
agreement with the greater effect observed with extracts of grey 
matter. What I have said in respect to the admixture of cholin with 
other substances in extracts of ganglia holds equally well in regard to 
extracts of other nervous tissues. Among the substances identified was 
frequently a small amount of lactic acid. The — effect of lactic 
acid is not abolished by atropin. 

Again, all I claim from my experiments is that cihecet extracts 
of nervous tissue probably contain numerous substances, the results 
described which follow injection of the extracts can all be explained on 
the hypothesis that they are mainly produced by the only substance 
which has been completely identified in such extracts, and that this 
substance is cholin. 

I may add that in all the experiments I have performed I only 
observed that the fall of blood-pressure was not altered by the action of 
atropin in one case. This was the first experiment I did with extract 
of brain. The brain in this case had not been dried very rapidly and 
had a strong putrefactive odour before the extract was made. I there- 
fore feel justified in doubting the value of this single exception. . 

It now only remains for me to present and briefly describe some 


Fig. 11. 
ie iL. Effect of injecting extract of cat’s brain, made with boiling salt solution. 


‘Pig. 12. Smaller ‘elect produced in same animal of an extract made with coll salt 
solutio 
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typical tracings to illustrate the results just described. In all cases 
5 c.c. of the extract were injected into the jugular vein, or if an alcoholic — 
extract of the tissue was employed, the residue was taken up with saline 
solution, in such a proportion that the 5 c.c. —— corresponded to. 
5 c.c, of the original extract. 

Figs, 11 and 12 were obtained from the same animal; and show 
that an extract made with boiling salt solution (Fig. 11) is more 
powerful than one made with cold salt solution: In both cases cat's 
brain was the tissue extracted. | 

The next pair of tracings illustrate the abolition of the effect after 
atropin. Here again fresh cat’s brain was employed. Fig. 13 shows 
the effect before, Fig. 14 after atropin. The fall seen in Fig. 13 is 
replaced by a slight rise in Fig. 13. 


Fig. 18. ene Fig. 14. 


Fig. 18. Effect of injecting extract of cat’s brain before atropin. 
_ Fig. 14. Effect after atropin of the same extract in the same animal. 


The next three tracings (Figs. 15, 16, and 17) were obtained with 
extracts of human brain. Fig. 15 is the result of injecting extract of 
grey matter; Fig. 16 that of injecting extract of white matter; here 
the fall is much less. Fig. 17 shows the result of the same dose of grey 
matter extract after atropin. Here the fall is practically abolished 
though not replaced by a rise of pressure. The uppermost tracing in 
these three cases of the respiration taken by the tambour method shows _ 
that breathing is not affected by the injections, 

Figs. 18 and 19 show much the same results except that the tracing 
of the intestinal plethysmograph is given also. Before atropin brain 
extract causes the usual fall of blood-pressure accompanied by the 
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expansion of the intestinal vessels (Fig. 18). After atropin the fall is 
absent, though there is still a peripheral dilatation (Fig. 19), 


Fig. 16. | Fig. 17. 


Fig. 15. Effect on injecting extract of human grey matter. The top line is respiration. 

Fig. 16. Effect of the same dose of extract of human white matter, in the same cat. 

Fig. 17. Effect of the same dose of human grey matter extract in the same cat after 
atropin. 


I have not thought it necessary to present any illustrations of the 
effects of spinal cord or cerebellum extracts : it is sufficient to say that 
the effects are exactly similar to though not so pronounced as those 
produced by extracts of cerebral grey matter, and are like them 
extinguished by atropinisation. 

I give in conclusion a couple of illustrations to show the effect of 
injecting an extract of cat’s sciatic nerves. The effect before atropin 

17—2 
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(Fig. 20) is a very marked fall. This cat was peculiarly susceptible — 
both to cholin hydrochloride and extracts of nervous tissue; 2°5 c.c. of 


Fig. 18. Fig. 19. 
Fig. 18. Effect of injecting extract of cat’s brain; the fall of pressure is accompanied 


by dilatation of peripheral vessels as seen in the tracing (uppermost line) of the 
intestinal oncometer. 


Fig. 19. The same after atropin. The fall in pressure is abolished. 


a 0°2 per cent. solution of cholin hydrochloride, or 5 ¢.c. of an extract of 
cerebral grey matter, produced falls almost twice as great as that shown | 
in the figure. As a rule extracts of nerve produce about as much effect 
as those of cerebral white matter. Fig. 21 shows the effect of the same 
extract after atropin. There is still a slight fall, and this is the most 
marked fall I have ever obtained after atropin; but in this particular 
animal cholin hydrochloride itself caused a similar slight fall after 
atropin, 


“Fig. 20. Fig. 21. 


Fig. 20. Effect of injecting extract of sciatic nerve. 
Fig. 21. The same after atropin. 


I now come to a much more difficult problem, and that is to account 
_ for the difference in my results from those obtained by Osborne and 
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Vincent. I would first call attention to one of their experiments ; 
- they treated a saline extract of alcoholic residue from brain with sul- 
phuric and phosphotungstic acids to precipitate alkaloids like cholin. 
The precipitate was filtered off, and the filtrate treated with barium 
hydrate, and then with dilute sulphuric acid, to free it from phospho- 
tungstic acid and excess of barium respectively. The final filtrate was 
acid, and produced a distinct depressor effect when injected. I have 
had some experience of this method of separating alkaloids, and I know 
only too well the difficulty of getting rid of the last traces of barium ; 
and barium salts have a very marked depressor effect. This will pro- 
bably explain this result, but as they do not appear to have made any 
extensive use of this method, I will freely confess that it will not 
explain their other experiments. They appear to have used principally 
saline extracts prepared from the absolutely fresh brain, and injected 
these before and after the use of atropin. Though they used hot saline 
as the extracting agent, it is possible that their extracts contained more 
nucleo-proteid than they bargained for, and more than my extracts 
happén¢gd to contain. If this was the case, the cholin effect would be 
greatly masked. If this was not so, their results are inexplicable 
to me at present. For the reasons previously stated, I do not 
attach much value to their estimations of the amount of cholin 
in their extracts. 

- My experiments with brain extracts have been repeated by 
Dr W. E. Dixon, who was interested in them in view of his own 
work on spermine. He informed me privately that his results 
coincide with mine, namely that the depressor effects are —— 
by atropin. 

-. One other author has been referred to who has done similar eke 
namely I. Ott.. He has used aqueous infusions of spinal cord, and 
states that the fall of blood-pressure occurs after the injection of 
atropin. His figures do not support this view; the fall after atropin 
varied from 2 to 4 mm. Hg. and quite as big a fall, sometimes a greater 
one, occurred after stimulation of the peripheral end of the cut vagus. 
His experiments merely show that the animal was not — 
atropinised. 
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SUMMARY OF CONCLUSIONS. 


1, Extracts of sympathetic ganglia produce a fall of bod prem 
as Cleghorn states, | 


2. Extracts of other portions of the nervous system (epinal ganglia, 
brain, spinal cord, nerve) have a similar action. — 


3. Glycerine should not be used in the making of extracts, for this 
reagent is not physiologically inactive; it produces a fall of arterial 
pressure which is not abolished by atropin, and hag a veratrin-like 
effect on the contraction of striped muscle, 


4. The effect of saline extracts can be explained on the b hiadiatis 
that cholin is the principal active agent in the solutions. 


5. There are doubtless other substances present as well, but these 
have not been accurately separated or identified, or indeed shown to 
possess any important physiological action, at any rate, on blood- 

6. All observers are agreed that cholin is present; the only doubt 
is whether sufficient is present to account for the fall of blood-pressure. 
In the absence of any accurate method of estimating cholin in organic 


_ mixtures this cannot be definitely decided; I am therefore in the 


meanwhile entitled to my opinion that sufficient is present. — 


_ 7. Several observers state that the depressor effect of nervous 
extracts is not abolished by atropin. My own experiments show that 
it is. In the case of Cleghorn and I. Ott I think my explanations 
of their negative results are sufficient, I confess I am unable to explain 
all the results obtained by Osborne and Vincent, but have been 
entirely unable to confirm their experiments in this direction, though 
I think we are agreed in all other particulars. 

It may perhaps be asked in conclusion, Do such experiments teach 
us anything useful, or have they any bearing at all in the solving of 
any important physiological problem, or are they merely of academic 
interest ? 

To myself the most interesting result is the fact that cold physio- 
logical saline solution is able to extract cholin from nervous tissues. 
By more violent means, as for instance by the use of boiling saline, it is 


_ possible to extract more. But the use of vigorous methods of this 


kind will break up the nervous tissues, and so we should expect to find 
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the products of their disintegration afterwards, The use of physiological 
- salt solution at the ordinary temperature is more instructive, for this 
reagent of all others produces least disturbance, and the presence of 
cholin in solution appears to show that lecithin especially in the most 
active part of the nervous system, namely grey matter, is in that 
continual unstable condition of chemical equilibrium which we call 
metabolism. Thus Gumprecht finds it in the normal cerebro-spinal 
fluid in minute quantities, and confirms the observation made by Mott 
and myself that it is immensely increased in diseased conditions in 
which the katabolic side of nervous action is preponderant. Mott and 
I have been recently continuing our work, and hope to publish our 
results more fully, but I may here say that one result of our work has 
been to show that normal blood in the cat contains minimal amounts of 
cholin. This entirely confirms the view I have just advanced concerning 
lecithin metabolism. 
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THE COMPOSITION AND ACTION OF ORCHITIC 
EXTRACTS. Br WALTER E. DIXON, MD. Lonp. 
(Twenty-five Figures in Text.) 


(From the Pharmacological Laboratory, Cambridge, and the Research 
Laboratories, R.C.P. and R.C.S. London.) 


CONTENTS. 
Historical. 
Method, Animals, Anmsthesia. 
Preparation of the extract. 
Effect on blood-pressure and heart in the (a) cat, (b) dog, (c) otk (d) rabbit. 
Effect on respiration. 
Oncometer experiments; (a) intestine, (b) kidney, (c) spleen, (d) limb, (e) testis. 4 
Jugular and carotid injections. . | 
Effect of section of both vagus nerves. 
Action of nicotine and atropine. 
Action of the boiled extract. 
Nucleo-proteid of testis. 
Effect of orchitic injections on leucocytosia. 
The inorganic constituents of the testis. 
The composition of orchitic extract. 
Summary of conclusions. 


HISTORICAL. 


Ir is now about eleven years since Brown-Séquard” announced 
before the College de France the effect of certain experiments which 
he had performed upon himself, viz., the subcutaueous injection of the 
expressed juice of the testes of dogs and guinea-pigs. As a result of 
these injections he stated that he felt ten years younger, his capacity 
for both mental and physical work was increased, and that efficient 
peristaltic movements which had been absent for years returned. He 
did not consider that the increase of power could be explained on the 
assumption of simple stimulation as the effect lasted too long, but 
believed it to be more likely dymogenic in nature. He used a glycerine 
and water extract which was filtered and sterilized. 

Variot® experimented with three old men, using the testes from 
the rabbit and the guinea-pig, and recorded the same “rejuvenating 
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effect,” the increased appetite for physical work and the stimulation 
of peristalsis. Pasteur, Bogroff®, Boch, Zenetz and a host of 
other observers confirmed the extraordinary statements of the original 
investigator, whilst many others were found to disparage his results". 
Hénocque™, from a series of experiments on phthisical patients found 
the hemoglobin was permanently increased and hence believed that 
orchitic injections had a beneficial effect on the blood. At the present 
time clinical evidence as to this method of medication is conflicting, 
possibly the variety and mode of preparation of the extract used, as 
well as the difficulties in the method of administration, being responsible 
for the want of uniformity in results: some clinicians have exactly 
followed Brown-Séquard’s method, others have sterilized the fluid by 
various doubtful means, whilst still a third class have administered the 
gland by the mouth. 

With regard to the active principle, more than one substance has 
been suggested. Luton found injections of sodium sulphate and 
phosphate as efficacious as the testicular extract, whilst Poehl, Bubis, 
and Rotchinum considered that spermine injections corresponded to 
the injection of Brown-Séquard’s fluid. Brown-Séquard® denied 
_ that either spermine or the Charcot-Naumann crystals were the active 
constituent of orchitic extract. 

The scientific literature on the miien is extremely meagre. 
Zoth” performed a series of experiments with the ergograph of Mosso, 
and found that injections of orchitic substances produced a marked 
increase in the power of muscle for performing work; Pregl” with the 
same instrument came to somewhat similar conclusions. It is an open 
question, however, as to what reliance can be placed on this type of 
experiment in view of the misleading results which have been obtained 
with it in other directions. | 

Oliver™ observed moderate constriction of vessels in the frog’s 
mesentery as the result of direct application of testicular extract. 

Hedbom™ stated that orchitic extract produced increased force 
and rapidity of cardiac contractions, lasting a considerable time; the 
experiments were performed on the isolated cat’s heart. Cleghorn™ 
recorded the contractions of the apical portion of the ventricle of the 
dog’s heart which was kept beating by feeding it with blood according 
to Porter's method. When perfused with orchitic extract, he observed 
an increased force of apical contraction, but without any change in 
tonus or rhythm. Larger doses produced a marked diminution in 
tonus and some quickening of the beat. | 
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Mernop. ANIMALS. ANASTHESIA, 


The blood-pressure was, taken in every case: from the carotid 
with a mercurial manometer. Injections were made into the jugular 
vein unless otherwise stated: The respiratory movements were 
registered by strapping a tambour to the animal’s chest, which was 
connected by tubing with a recording tambour: the up stroke 
registered inspiration. Air oncometers were employed for studying 
the changes in volume of organs; these communicated usually with 
a piston recorder, The Thoma-Zeiss instrument was used for counting 
leucocytes, and a solution of one-third per cent. acetic acid containing 
a trace of methyl violet was employed as the diluting fluid: The 
staining reagent for differential counts was one of the eosin methylene 
blue mixtures, and the counting was performed with a jy oil 
immersion and a No. 5 eye-piece. 

The animals employed were cats, dogs, goats, and rabbits. Cats 
were the chief animals used, were full grown of either sex and 
weighed between 3 and 3} kilos.: it should be understood that the 
experiments in all cases refer to these animals unless it is otherwise 
stated. The carnivorous animals were anesthetised with A.C.E. mixture 
and the herbivorous with ether. Morphia was also usually employed 
in the case of dogs, but never with the other animals. Urethane was 
administered as an anzsthetic in a few cases which are described in the 
text, It was given by injection into a vein, after the animal had been 
initially angsthetised with A.c.E., but in one series of experiments it 
was administered by the mouth and no other anwzsthetic was employed. 


PREPARATION OF THE EXTRACT. 


The toaten of full-grown rats or guinea-pigs were employed siieily 
for the purpose of this investigation. The animals were killed by a 
single blow on the head and the testes were immediately dissected out, 
washed as free from blood as possible, sliced into pieces and macerated 
for half-an-hour with physiological saline, using about 5c.c. for each 
testis. This emulsion was strained through muslin and filtered through 
an ordinary paper, and the solution thus obtained was ready for use. 
The epididymis was included in the extract, but in some cases extracts 
of epididymis were prepared separately and will be referred to later. 
No advantage or alteration in the physiological action of the extract 
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was observed as the result of a long extraction in ‘the cold (24 to 
48 hours). 

Testes from other animals, dog, cat, goat and ram, were employed in 
a few cases, and the results obtained led to the conviction that the 
active constituents were the same in all. The testes of the rat and 
guinea-pig gave the most satisfactory results as, on account of their 
paucity in connective tissue and softness in structure, it was easier to . 
obtain a satisfactory extract. 

An attempt was made to obtain an extract having a constant 
strength. A quantity of ram's testis was cut up and thoroughly dried - 
at 38° C,'; this was ground in a mortar to as fine a powder as possible, 
_ and a known weight extracted with normal saline for two or three 
hours: the extract was strained and filtered, and was then ready 
for use. 

The results obtained with this solution were not, however, quite the 
same as those obtained with the fresh extract, because animal extracts 
dried in this manner do not readily allow their proteids to enter into 
solution. It was found that although an active solution of constant 
strength was obtained, yet it did not represent the same relative 
percentage of constituents as in the fresh extract; nevertheless by 
using sufficient quantities all the eéssential effects were produced. 
Fresh testicular extract will only keep a few hours at ordinary room 
temperature, and hence it is necessary to prepare a fresh extract for 
each series of experiments, and with each extract to make a control 
experiment to gain an idea of the activity of the solution. Different 
extracts show considerable variability in strength, the nature of the 
animal, age, condition, season, etc., no teas being largely or 
for these differences. 


EFFECT ON BLOOD-PRESSURE, 


Cat. The injection of the extract (4 to ? of a rat's testis) into the 
circulation of a cat produces an immediate, though slight fall in blood- 
pressure followed by a quick recovery: for convenience in subsequent 
description this will be known as the fall “A.” “A” is succeeded in 
a time varying from 30 to 50 seconds, by a second fall of pressure 
“B” which is associated with cardiac inhibition. Recovery is gradual, 
and complete in a few minutes. 

Each subsequent injection produces a diminished effect. After a 


1 Kindly provided by Messrs Burroughs and Wellcome. 
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lethal injection (about 14 testes) the pressure at “B” falls to nearly 
zero, and the heart beats slower and slower and ultimately stops; 
respiration ceases permanently at the outset of the cardiac. inhibition. 
Death is always produced as a result of cardiac and respiratory failure, 
and intravascular coagulation of the blood is never observed. 


Fig. 2. | Fig. 1 (upper figure). = Fig 3. (lower figure). 


Fig. 1. Cat, Injection of an extract composed of half a guinea-pig’s testis. The fall 
“‘B” is associated with cardiac inhibition and cessation of respiration. Time 
marker = seconds. 

Fig. 2. Dog. Morphia. Upper tracing represents respiration, the up stroke being 
inspiration. Injection of dried orchitic extract 0°5 grm. Time marker=10 seconds. 

Fig. 8. Rabbit. Respiration and carotid pressure. 
10,6. orchitic extract injected (5 c.c. =1 rat's testis). Time marker = seconds. 


Dog. A single fall of pressure ‘only is noticed. It begins after a 
very short latent period, and is accompanied by some cardiac slowing. 
This effect corresponds to the “A” effect in the cat as is shown by the 
short latent period. 

The body producing the “B” effect in the cat is much less active 
in the dog, and after a small injection as shown in Fig. 2, the “A” 
effect alone is seen. Larger injections produce a more considerable fall 
of pressure with a slow recovery. } 

The rabbit is very easily affected and small injections only must be 
given. In this animal as in the cat there is an immediate small fall in 
blood-pressure, followed about half a minute from the time of injection 
by a more considerable fall associated with cardiac inhibition. Recovery 


is at first rapid, but the normal pressure is not reached for some 
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minutes, In Fig. 3 the “B” fall only is clearly distinguishable, but the 
two are clearly shown in Fig. 6 after a much bigger injection. 

The goat behaves differently to other animals in its reaction to 
testicular extract. Relatively small injections produce an initial ascent 
of pressure corresponding to “A,” followed by a quick drop to normal ; 
this is succeeded after a latent period of 40 seconds, by a second and 

more considerable rise of pressure lasting some two or three minutes. 


Fig. 4. Goat. one testis. carotid 
pressure. Time marker =seconds, 


It should be noted tht the amount injected into the various 
animals was not proportional to their respective weights; thus the 
amount injeeted into the cat was in every case, relatively to the dog 
and goat, largest, and in the goat much the smallest. 


EFFECT ON THE HEART. 


The direct application of the extract to the frog’s heart, recording by 
the suspension method, produces no effect: when the extract is perfused 
through the heart there is a gradual diminution in the force of the 
beat, and this effect is to some, extent antagonised by the use of 
atropine. 

For studying the effect on mammalia, the heart of the cat was ) 
chosen. In one series of experiments the chest was opened, artificial 
respiration employed, and hooks fixed in the epicardium of the right 
auricle and left ventricle. Threads connected these by means of pulleys 
to suitably weighted levers free to record vertically. 


iy, 
ul 
4 
we 
ay 
a 
“4 
NE 4 
7 
4 
a 
4 
“4, 
ig 
tg 
im 2] 


250 W. E. DIXON. 


Two distinct effects can be observed after an injection of orchitic 
extract, one corresponding to the “A,” and one to the “B,” fall in 
blood-pressure. During the first effect the rhythm of the heart is 
slowed a little, and the excursion of the auricular lever extends slightly 
further both upwards and downwards, indicating a more efficient systole 
and diastole. During the same period, the ventricle does not behave in 
the same way: relaxation of the muscle is more complete and the force 
of contraction is diminished. This is the “A” effect. 

Recovery from this effect is hardly complete when the second effect 
begins. The auricular systole becomes gradually weaker in strength, 
diastole being much less affected ; at the same time the rhythm of he 
heart becomes much slower. 3 


Fig. 5. Cat. Artificial respiration. Cardiac levers. During systole the levers move 
upwards, during diastole downwards. Upper tracing = right auricle, middle = left 
ventricle, and the lowest= blood-pressure. Time marker=seconds. (Compare with 
Fig. 19, where the “ B” effect has been eliminated.) 


Observation during this effect shows that the right heart is con- 
siderably over dilated. During this condition on the right side, the left 
ventricular systole is more complete, but relaxation during diastole is 
much less than usual. Recovery is very gradual. The effect is mainly 
auricular and accurately to the fall in. 
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EFFECT ON RESPIRATION. 


Small injections of orchitic extract in the rabbit produce accele- 
ration in the rate of respiration, with some diminution in the amplitude 
of the record (Fig. 3). Larger doses give rise to further effects shown 
in a more accurate way in Fig. 6. | 


Fig. 6. Rabbit. Upper tracing represents the movéments of the diaphragm. The 
diaphragmatic slip fixed to the xiphisternum has been isolated and is connected by 
a thread over a pulley to a horizontal lever. Shows the effect of injecting an extract 
composed of half a rat’s testis. Time marker=4 seconds. 


Such injections produce at first a quicker but shallower respiration ; 

this becomes gradually slower and gasping in character, the diaphrag- 
matic tonus meanwhile increasing. The diaphragm suddenly relaxes, 
and after a few spasmodic gasps respiration ceases entirely. 
In the cat, after a large but not lethal injection, respiration becomes — 
rapidly shallower and ceases, or there may be no alteration till the 
cardiac inhibition occurs, when there is an immediate arrest, and then 
a very slow inspiratory spasm, towards the end of which very shallow 
respiratory efforts are made; these gradually increase in depth until a 
condition is reached in which the respiration is both deeper and more 
rapid than before injection. 

These respiratory effects closely resemble the effect produced by 
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stimulation of the central vagus after section of both. Further evidence 
will be adduced later to show that the effect is a central one produced 
reflexly through the vagi. | 

‘In the dog also, respiration is affected, though much less than in 
the case of the other two animals: it becomes quicker and deeper than 
before injection. | 


ONCOMETER EXPERIMENTS. 


Intestine. In the cat intestinal plethysmographic tracings of the 
effects of orchitic injections show there is a brief initial dilatation of 
vessels corresponding to the “A” effect; the fall of pressure generally 
precedes the splanchnic dilatation by a few seconds. If a small injec- 
tion has been given—that is when the cardiac inhibition is slight and 
respiration is not arrested—the initial dilatation of vessels is followed 
about the time of the “B” effect by an increased dilatation of a much 
more considerable degree than the former. In Fig. 7 such an effect is 
shown, 


Fig. 7. Cat. Volume of a loop of intestine, and blood-pressure. Shows the effect of 
' injecting an extract of half a guinea-pig’s testis. Time marker=seconds. — 


After large injections, that is in those cases where there is marked 
cardiac slowing, the initial dilatation is quickly followed by a constric- 
tion ; this effect is only temporary and rapidly changes to a condition of 
considerable dilatation. As this constriction is only observed after fairly 


_ large injections which are generally associated with a considerable fall 


of blood-pressure, and as it usually corresponds in time to the fall, it 
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might be considered passive, that is a direct result of the cardiac 
inhibition: but this is not the case, as the constriction rapidly gives 
place to dilatation whilst the pressure may still remain unaltered. It 
may be noted here that the amount of injection in Figs. 7 and 8 is the 
same: this gives an idea of the considerable variability in toxicity of 
the extract, 


Fig. 8. Cat. Intestinal volume and blood-pressure. Shows the effect of injecting a very 
active extract. The rise “A” is artificial, the recording apparatus having reached 
the limit. Time marker=seconds. There was complete cessation of respiration 
during the period marked by the crosses. 


Orchitic injections in the dog produce even more marked splanchnic 
dilatation than in the cat. Dilatation generally begins with the fall of 
pressure and continues unaltered a considerable time, so that when the 
blood-pressure has again reached its normal level the splanchnic area 
still shows evidence of congestion. Constriction of the vessels of the 
splanchnic area is never observed in the dog. | 

In the goat the first and smaller rise of pressure is associated with 
dilatation of the splanchnic vessels and is probably cardiac. The second 
rise, “B” effect, is obviously vaso-motor, The intestinal vessels gradually 
constrict and the pressure correspondingly rises until at the point of 

PH. XXVI. 18 
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maximum constriction the blood-pressure reaches its highest level: as 
the constriction gradually gives place to dilatation the pressure falls. 
The ultimate dilatation is very marked and sufficient to produce a low 
blood-pressure (Fig. 4). 

In this animal it is evident that the vaso-motor system is much 
more readily influenced than the heart, and although during the “B” 
effect cardiac slowing is present yet the constriction of vessels—which 
is also seen in the cat—is the important factor, and the pressure rises : 
the rise is but a short one, and splanchnic dilatation, which is the more 
prominent condition in other animals (dog) rapidly ensues. This rise 
of pressure in the case of the goat is not peculiar to testis injections 
only, for—as I hope to show on a future occasion—some drugs which 
give rise to a cardiac fall of pressure in the cat and dog produce a vaso- 
motor rise in the goat. 

Kidney. The volume of the kidney undergoes a rapid diminution. 


Fig. 9. Cat. Splenic volume and blood-pressure. Absence of respiration between the 
crosses. Time marker = seconds. 
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This change does not in any way correspond with the blood-pressure 
and the maximum constriction is reached generally at a point when the 
pressure is already beginning to rise. In exceptional cases where the 
blood-pressure undergoes little or no falj, diminution in renal volume 
is nevertheless evident and the effect therefore must be vaso-motor. 
After large injections the constriction is much prolonged, frequently 
lasting ten minutes, but in every case it eventually gives place to 
dilatation (Fig. 15). It is not easy with this organ to distinguish 
clearly between the “A” and “B” effects. 

Spleen. This organ behaves towards orchitic injections in a very 
similar manner to the intestines. There is an initial diminution of 
volume corresponding in time to the “ A” fall—an effect which is most 
probably muscular in view of the simultaneous splanchnic dilatation 
and the fact that orchitic extract has an exciting effect on mammalian 
involuntary muscle. This constriction rapidly gives place to a con- 
siderable increase of volume which undergoes a temporary diminution 
about the time of the cardiac inhibition probably as a result of the fall 
in blood-pressure. Splenic ‘ waves’ are stimulated and frequently con- 
tinue to be very pronounced for some minutes after injection (Fig. 9). 

Iimb. An air oncometer was chosen here as in the case of other 


Fig. 10. Cat. Plethysmographic record of the hind limb, and blood-pressure. Shows 
the effect of injecting an extract composed of three-quarters of a rat’s testis. Time 
_ marker=seconds, There was cessation of respiration between the crosses. | 
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organs. The alterations in the volume of the hind limb of the cat after — 
a moderate injection consist of a primary dilatation corresponding to 
the initial fall in blood-pressure: the dilatation does not however 
accurately coincide in time, but like the intestines begins a little late. 
Occasionally during this latent period a small constriction may occur. 
This increase in volume though well defined is short and is followed by 
a series of irregular vaso-motor alterations in volume, the mean volume 
of the limb remaining however slightly increased (Fig. 10). ae 

Testis. Oncometric records of this organ cannot be obtained satis- 
factorily from the cat and rabbit. This gland in the dog, as I have 
shown elsewhere ™, undergoes alterations in volume which are however 
very small in comparison with those which occur in other organs; and 
also its vaso-motor system is poorly developed, so that after the exhibi- — 
tion of peripheral vaso-constrictor drugs such as nicotine, the rise in 
blood-pressure overcomes the tendency of the vessels to constrict, and 
the testis enlarges, 


Fig. 11. Dog. Testis volume and blood-pressure. A large injection of orchitic extract 
was given between two and three minutes previously, which produced constriction of 
the testis. Dilatation began as a series of waves, two of which are shown here. 
Time marker =seconds. 

After injections of orchitic extract the volume of the testis usually ) 
shows an initial constriction; this however in all cases is followed by 
marked dilatation. After large injections the constriction is marked 
and frequently prolonged, and dilatation when it occurs instead of 
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being gradual may occur as a series of waves, two of which are shown 
in Fig. 11. 

It was considered possible that the initial constriction of the testis 
might be muscular as in the case of the spleen, and the sudden rhyth- 
mical waves of dilatation were taken to support this view. Involuntary 
muscle has not been found in the ne? testis although careful search 
has been made’. 

Injections of epididymis extract in the dog produce a very marked 
and immediate splanchnic and testicular dilatation (Fig. 12). Further 
reference will be inade to this subject later. The effect is somewhat 
different from that of ceuenary orchitic extract and will be considered 
further. 


i 12. Dog. ‘02 grm. morphia. Shows the effect of a large injection of extract of 
epididymis, Time marker=2 seconds. — 


In the goat, where the vaso-motor mechanism of the testis appears 
to be more highly developed, the effect of orchitic injections is to 
produce a very well-defined constriction exactly corresponding to the 
intestinal effect (Fig. 4). The greatest constriction is reached at the 
maximum rise in pressure. The testis at first dilates slowly, but after 
about half a minute the dilatation suddenly becomes much more rapid. 
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It will not be out of place here to refer to the direct application of 
orchitic extract to the mesentery of the frog. During a series of experi- 
ments in which the mesentery was carefully exposed and examined 
with an inch objective, I was unable to observe any decided altera- 
tions in the blood vessels after painting with concentrated extract, 
either tending towards dilatation or constriction. Further evidence 
dealing with action on vessels will be considered under the heading | 
‘boiled extract.’ 


JUGULAR AND CAROTID INJECTIONS. 


It ne been shown already that the latent period between the time 
of injection and the production of cardiac inhibition is a variable one : 

etimes the inhibition occurs as soon as half a minute after injection 
but it may be delayed to one and a half minutes. The same extract 
however always gives rise in the same animal to a constant latent 
period, and it therefore becomes possible to compare this period when 
the extract is injected into the central end of the jugular vein with 
that where the injection is made into the peripheral end of the carotid 
artery. The two injections should be made with the same standard 
extract and as far as possible under the same conditions, such as rate of 
injection, etc. A considerable time must be allowed for the recovery of 
the animal between the injections. 

The carotid injection was made in each case into the peripheral end 
of the same carotid from which the blood-pressure was taken, and the 
latent period was always longer than after jugular injections, 20 seconds 
being an average difference between the two; for example, if the jugular 
injection had a latent period of 50 seconds, the carotid would probably 
be about 70 seconds. 

This latency also applies to the respiratory effect. Some of the 
injections were made whilst the opposite carotid was temporarily blocked 
and with one jugular allowed to bleed, these conditions being removed 
as soon as the injection was actually completed. 

These facts appear to suggest a peripheral origi for both the cardiac 
inhibition and respiratory effect in the cat. — 

Carotid injections of orchitic extract do not show the fall of pressure 
“A”; this is an additional reason for believing that the “A” fall is 
largely cardiac, because when injected into the carotid the active body 
_ only reaches the heart much diluted and not in the comparatively con- | 

centrated condition as when injected into the central end of the jugular 
vein. 
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_ ‘THE EFFECT OF SECTION OF BOTH VAGUS NERVES. 


If both vagus nerves are severed in the cat the injection of an active 
orchitic extract (4 to ? rat’s testis) fails to determine the usual result. 
The “A” effect with all its attendant phenomena is produced in a per- 
fectly typical manner, but there is no subsequent cardiac inhibition and 
respiration remains unaffected. Blood-pressure frequently shows well- 
marked Traube-Hering waves (Fig. 13), sometimes it rises slightly, 
and sometimes falls. Although the pressure is so little altered the 
effect on vessels is much the same as that which occurs with intact 
vagi. The renal vessels show decided constriction whilst the splanchnic 
dilate. 


Fig. 13. Fig. 14. 


Fig. 18. Cat. Intestinal volume. Blood-pressure. Shows the effect of a large injection 
of fresh orchitic extract after section of both vagus nerves. Time marker=8 seconds. 
Traube-Hering waves well marked. 

Fig. 14. Cat. A.C.E. 2} ¢.c. 4°, atropine. Effect of a large injection of orchitic 
extract. Time marker=2 seconds. (Compare with Fig. 22.) 


Fig. 13 shows the blood-pressure and the volume of a loop of intes- 
tine after section of the vagi. It will be seen that injection of orchitic 
extract first increases and then diminishes the intestinal volume, corre- 
_ sponding to the “A” effect, and immediately following this action 
produces a much more decided and prolonged dilatation. 

This evidence would tend to show that the cardiac inhibition is of 
central origin whilst the respiratory effect is peripheral. Very large 
injéctions may still produce cardiac inhibition, respiratory failure and 
death. | 
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In the dog moderate injections fail to produce the “B” effect as 
seen in the cat with intact vagi, and as this effect alone is modified by 
section of the vagi one would not d@ priori expect to obtain any modi- 
fication. With larger injections, that is where there is a considerable 
_ and prolonged fall of blood-pressure, the behaviour is — the same 
before and after cutting the vagus nerves. 


ACTION OF NICOTINE AND ATROPINE. 


If nicotine be given to the cat until stimulation of the peripheral 
vagi produces no cardiac inhibition, the action of orchitic injections is 
modified. The “B” effect is entirely eliminated, that is the cardiac 
inhibition and stoppage of respiration are absent, but the initial fall of 
pressure remains unaltered. 

Atropine produces a still further effect. The amount of atropine 
found requisite in the full-grown cat for the production of vagal para- 
lysis without affecting the vaso-motor nerves, the cardiac accelerators, 
cardiac muscle or the medulla, was from 0°01 to 0:02 grm. Half this 
amount, 0°005 grm., however was found sufficient to eliminate the cardiac 
inhibition and respiratory arrest—that is the “B” effect—and although 
it failed to cut out the initial fall of blood-pressure, it reduced it 
somewhat. 

The injection of orchitic extract into a suitably atropinised cat 
produces either a small immediate rise in pressure or no effect corre- 
sponding to “A.” A fall of pressure at this period has not been 
observed. Subsequently the pressure may continue quite unaltered 
or may, 40 to 50 seconds after injection, undergo slight alterations in 
level, generally consisting of a slight rise followed by a gradual fall. 

In all cases considerable dilatation of splanchnic area is observed. 
This begins as a small dilatation which in a time varying from 10 to 
30 seconds undergoes a further and more considerable dilatation. The 
effect is a very prolonged one. Careful consideration of the slight 
changes in the blood-pressure, previously noted, in comparison with the 
condition of the splanchnic vessels makes it evident that such slight 
changes in pressure as occur are due to vaso-motor alterations in this 
area (Fig. 14). 

The injection of larger we always initials an immediate fall in 
blood-pressure which, as will be shown later, is cardiac in origin and can 
be accounted for by the presence of inorganic salts. 

As the condition “B” is dependent 7 the integrity of the vagi, 
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and as the result has been shown to be produced peripherally it would 

seem probable that the condition is one initiated peripherally, and 
produced reflexly through the centre, both the afferent and efferent 
impulses, for the heart effect, passing through the vagi. ; 


THE ACTION OF THE BOILED EXTRACT. 


For preparing the boiled solution, the normal standard extract was 
heated just to the boiling-point and then immediately cooled, strained 
through muslin, and filtered through paper. The action of extracts so 
prepared corresponded in every way with the “A” effect obtained after 
the injection of normal extract. There was an immediate fall of pressure 
with slight slowing, followed by a quick recovery: in connection with 
this fall there was dilatation of peripheral vessels particularly well 
observed in the splanchnic area. This dilatation was not usually 
observed until some seconds after the fall, and it frequently commenced 
about the period of maximum fall. Plethysmographic tracings of the 
intestines, limb and testis showed this effect, and the limb vessels sub- 


sequently underwent a further irregular series of vaso-motor changes 
(Fig. 17). 


Fig. 15. Cat. Kidney volume. Blood-pressure. Effect of an injection of an 
extract of three-quarters of a rat’s eae Time ania 3 seconds. 


The kidney vessels constricted with the fall of pressure and the 
maximum diminution in the renal volume generally did not correspond 
in time to the maximum diminution in pressure; dilatation ensued 
after the rise, and the ultimate’ relaxation was well marked (Fig. 16). 

oh comparison of Figs. 15 and 16 shows clearly that the “ B” effect 
is absent in Fig. 16’ and the active substance is therefore destroyed by 
boiling. A comparison of Figs. 10 and 17 shows the same condition. 
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Cardiometer experiments showed that during this effect the heart 
became slightly more dilated with blood than normally and that during 


Fig. 16. : Fig. 17. 


Fig. 16. Same animal as in Fig. 15. Fifteen minutes later, Effect of an injection of an 
extract of one rat’s testis (boiled), (compare Fig. 15). Not quite typical, some 
potassium effect would seem to be present. 
Fig. 17. Cat: Limb. Blood-pressure. Effect of injection of boiled extract. The 
extract was the same as that, the effect of which is shown in ~ 10. These two 
— should be compared. Time record=seconds. 


the fall in blood-pressure did not contract to so small a size as Sacuad 
Recovery of normal tonus was rapid and the blood-pressure simul- 
taneously rose. The later effect showed a condition of greater contractile 
force with an increased output. 

A number of experiments were performed with levers connected 
directly with hooks fixed in the right auricle and left ventricle of the 
cat's heart. 

Small injections produced a slightly increased relaxation of the 
right auricle which showed itself only during the period of cardiac 
slowing, and therefore might be ascribed probably to the increased 
length of diastole. The force of the auricular systole was also slightly 
increased, but the whole effect so far described was a trifling one pro- 
bably dependent on the slowing. 

_ The left ventricle did not behave quite the same, during the devine. 
as in the case of the auricle, relaxation of the ventricle was more 
complete and the systolic force was slightly diminished. Observation 
showed that during this effect the right heart was slightly over-dis- 
tended. 

Larger injections & diminution i in force in both auricle 
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As an unusual occurrence the effect of injections has been very 
considerable on the auricle, whilst the ventricle has continued to beat 
either unaltered or even more vigorously. 


‘ \ \ 


Fig. 18." Fig. 19. 


Fig. 18. Cat. Cardiometer. Down-stroke=systole. Blood-pressure. Shows the effect 
of a small injection of orchitic extract. (4 guinea-pig’s testis.) Time marker 
= seconds, 

Fig. 19. Cat. Urethane. Movements of right auricle and left ventricle, recording by 
Brodie’s levers. Rise of the lever represents systole. Blood-pressure. Shows the effect 
of a small injection of boiled fresh orchitic extract. Time record=seconds. (This 
figure should be compared with Fig. 5.) 

Fig. 20 shows such a case where the squeeze of the ventricle is 
actually increased—the latter injection was from a dried extract from 
the ram, the former from the fresh of the guinea-pig. 

‘The action of the boiled extract on the frog’s heart corresponded to 

the action of the extract as a whole, i.e. little or no effect could be 

registered by simply dropping the extract on the heart, but slowing and 
diminution in the force of the ventricular beat were observed asa result: 
of perfusion. This effect is antagonised to some extent by atropine. 
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As it seemed probable that orchitic substance administered by the 
stomach would correspond in action to injections of the boiled extract, 
some experiments were undertaken to determine this point. These 
experiments were performed on cats, and urethane was used as an 
anesthetic, The cat was given milk containing urethane and was sub- 
sequently injected with more until about 14 grms. per kilo. +s tae 
had been administered. 


Fig. 20. Cat. Urethane, Cardiac movements. Shows effect of a small injection of boiled 
orchitic extract prepared from the dried ram’s testis. Time marker = seconds. 
(Unusual effect.) Ventricular systole is more perfect, but diastole is less complete. 


Arrangements were then made for recording carotid blood-pressure 
and the volume of a small loop of intestine. The animal was kept in a 
hot room on a water bath and covered up; short tracings were recorded 
every ten minutes until both curves had assumed a constant height for 
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twenty minutes. At this point a large amount of orchitic substance 
pounded up with tap water (40 c.c.) was administered into the stomach | 
by means of a tube. In two or three minutes blood-pressure began to 
fall and the volume of the intestine to increase, the maximum volume 
being reached in about twenty minutes, During the dilatation the 
excursion of the plethysmographic lever due to heart-beats was in- 
creased, giving further evidence of the vaso-dilatation. Throughout the 
oxpasapente no alteration i in cardiac rhythm was observed. 


Figs 21 and 22. 


Fig. 21. Cat. Urethane. Intestinal volume and blood-pressure. ‘‘A” shows the state 
of affairs before the administration of testis. ‘‘B” shows the effect 3 minutes after 
the introduction of orchitic extract into the stomach. ‘‘C” the effect 10 minutes 
after, and “‘ D” 35 minutes after. It is possible that the increased fall of pressure in — 
‘*D” may be vaso-motor, the apparent constriction of the intestinal vessels being the 
result of cold. Time record =seconds. 

Fig. 22. Cat, A.O.E. 24 ¢.c. 4°, atropine. Intestinal volume and blood-pressure. 
Effect of injection of boiled orchitic extract. (Compare Fig. 14.) Time record 
= seconds. 


. Forty c.c. of tap water slcaed in the stomach of a control animal 
failed to produce this effect. . 
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Urethane is not an ideal anesthetic for this purpose as, although 
it does not affect blood-pressure or peripheral vessels, it inhibits the 
stomach movements (as will be shown 1 in another communication) and 
thus retards absorption. 

Cutting both vagi or administering nicotine to an animal did not 
affect its response to boiled orchitic extract. 

_ On atropinised animals the fall of blood-pressure was eliminated, 
but splanchnic dilatation was still evident. 

The splanchnic dilatation produced by the boiled extract on an 
atropinised animal was less than that induced by injecting a corre- 
sponding amount of normal extract. 

Fig. 14 and Fig. 22 represent tracings from the same animal, and 
the same amount of injection was given in each case: in Fig. 14 the 
normal extract was injected and in Fig. 22 the boiled extract; the 
splanchnic dilatation is much greater in the former case, and the i in- 
creased dilatation beginning at the “cross” and evidently arose 
to the “ B” effect, is clearly shown. 

Much larger injections of boiled extract have a marked effect on 

the heart, blood-pressure falls almost to zero and oncometric tracings 

run parallel with the blood-pressure curve. This effect will be further 
considered under “ inorganic salts.” 

The direct application of orchitic extract to the isolated strip of the 
frog's stomach arranged so as to pull upon a horizontal sever, sets up a 
series of small waves. 

If the extract or boiled extract is injected into the circulation 
of a cat peristaltic movements are slightly increased: it has been 
already shown that orchitic extract “A” substance probably produces 
‘some contraction of splenic muscle (Fig. 25). Boiled orchitic extract 
would therefore seem to have a slight stimulant effect on involuntary 
muscle (cp. Spermine 


NUCLEO-PROTEID. 


Fresh orchitic extract contains a large percentage of nucleo-proteid 
the action of which was separately determined. An extract of testis 
‘was prepared using distilled water, and the nucleo-proteid precipitated 
with 10°/, glacial acetic acid by adding it drop by drop till no more 
precipitate formed. The precipitate settled in a short time and was — 
then collected, washed with water, removed to a clean vessel and dis- 
_ solved in the minimum possible quantity of 1°/, Na,CO,. By this 
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" means a slightly opalescent liquid was produced containing the uct 
proteid alone, 

This solution injected into the circulation of a cat usually caida’ 
either a gradual slight rise in blood-pressure, or a small fall, but in any 
case the effect was slight until, at a period varying between 2} and 
5 minutes from the time of injection the pressure gradually fell, the 
heart became markedly slowed, and respiration ceased. The respiration 
usually recovered soon, but the inhibition once produced in this way 
"was very permanent and frequently lasted a quarter of an hour before 
any marked recovery occurred. Artificial respiration was occasionally 
necessary. An immediate slight fall of blood-pressure with rapid 
recovery sometimes occurred directly after injection, doubtlessly due 
to contamination with extractives as the action was not present when 

the was thoroughly 


Fig. 28. Fig. 24. 


Fig. 23. Cat. Blood-pressure. Between tracings ‘‘A” and “ B” there is an interval of 
$8 minutes. Effect of injection of nucleo-proteid from testis prepared by the acetic 
acid method. Time marker=seconds, 

Fig. 24. Cat. Blood-pressure. ‘‘A” shows the effect of an injection of 2c.c, of a 2°/, 
solution of the ash from the ram’s testis. “*‘B” represents the same effect after 
section of both vagi and the administration of atropine. 


The long latent period before the inhibition 1 is very characteristic in 
this effect. | 
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Before, and coexisting with the inhibition, the intestines, spleen and 
testes showed a dilatation of vessels whilst at the same time the kidneys 
were constricted. These vaso-motor changes were very gradually 
developed and lasted over a considerable period. After large injections 
the intestinal vessels however showed a well-marked constriction, very 
similar to that. which occurs as a result of injection of normal extract, 
and as the blood-pressure tended to rise at this stage the effect must be 
vaso-motor, 

_  Severing the vagus nerves or administering atropine before 
eliminated the respiratory effect and the cardiac inhibition, 

Other effects of the injection of nucleo-proteid were dilatation of the 
pupils and protrusion of the eyeballs, but intra-vascular clotting never 
occurred. 

Fresh orchitic extract precipitated with acetic acid and scasdailataby 
redissolved did not produce this prolonged latent period but gave the 
“normal orchitic extract effect.” A frequent repetition of this process 
however gradually altered the physiological action and prolonged the 
latent period’, 

The filtrate obtained after precipitating the extract with acetic acid 
contained only a trace of proteid. “When this solution was neutralised 
with 1°/, sodium carbonate its physiological action was indistinguishable 
from the action of the boiled extract already described and was unaffected 
by section of the vagi or the influence of nicotine, but was eliminated by 
atropine. The amount of sodium acetate present in )jpuch filtrates is 
much too small to produce od appreciable action, — 


EFFECT ON LEUCOCYTOSIS. 


It is well known that various organic substances such as peptones 
and organic extracts are capable of producing an increase in the leuco- 
cytes when taken into the animal body. | 

Léwit found that such injections into the circulation produced an 
alteration in number which in the first stage was diminished but sub- 


1 Halliburton and Brodie have shown that this repetition of precipitation and 
solution of nucleo-proteid is accompanied by a chemical, and a physiological change—as 
rabbit. 

probably being that different animals were used, and in those eases where rabbite wer %, 
. employed the injections were very small. (This Journal, xv. 135.) 
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sequently in a later stage was markedly increased. This alteration 
affected mainly the polynuclear corpuscles. 

Goldscheider and Jacob™ among other observers showed that 
the diminution in the white corpuscles in the first stage was the result 
of the altered distribution, and that in the capillaries of the internal 
organs, especially of the lungs, the number was increased. 

Since then a considerable mass of literature has accumulated dealing 
with the effect of nucleo-proteid and its derivatives on metabolism. 
The following experiments were thought worthy of recording on account 
of the profound effect produced on leucocytes and the fact that in each 
case the injections were subcutaneous. : 

Rabbits were in all cases employed. 

The following table shows the effect on the number of leucocytes in 
the blood of the peripheral circulation before and after the administra- 
tion of a large subcutaneous injection of orchitic extract prepared from 
the dried testis of the ram. 


Rabbit, weight 2250 grms. 


No. of leucocytes 
Time per cu. mm. Remarks 

10. a.m. 7000 After feeding. 

19.30 ,, 7200 A rather large percentage of 

leucocytes. 

10.40 ,, —— 15 c.¢. orchitic extract injected 

subcutaneously. 

12.10 p.m. 1250 Marked hypoleucocytosis. _ 
2.40 ,, 1870 
5.20 ,, _ 2500 
ae 8750 Death occurred between 12 p.m. 

and 8a.m. 


The important effect to notice is the marked hypoleucocytosis which 
is rapidly attained, and the very prolonged character of the condition. 
With smaller injections recovery to the stage of hyperleucocytosis is 
more rapid but in every case the leukopenia is very prolonged. Fresh — 
orchitic extract from the guinea-pig gives identical results; in one case 
an extract of a single testis reduced the number of leucocytes in the 
peripheral circulation from 6000 to 1200 per cu. mm. in five hours, the 
animal recovering. 

To compare with this effect experiments were performed with corre- 
sponding amounts of boiled extract and also with spermine and one 
experiment with each is tabulated below. 
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Rabbit, weight 2850 grms, Rabbit, weight 2020 grms. 
No, of No, of 
Time leucocytes Remarks Time leucocytes Remarks 
10,30 6200 10.45 6600 An inj. of 2 c.c. 
10,45 An inj. of 15¢.c. | 11.10 — Spermine given, 
boiled orch, ext. 05 grm. 
11,45 8500 | 1945 8000 Slight hyperlen 
rleuco- 
47 8750 Slight hyperleu- 2.35 7340 
cocytosis. 
5.25 7200 | Larger injestions of om? roduce a 
hypoleucocytosis before the ‘hyper’ 
condition. 


From these figures it is evident that the nucleo-proteid is responsible 
for the marked hypoleucocytosis which is produced by injections of 
orchitic extract, as moderate hyperleucocytosis occurs early, that is, in 
about two or — hours, with corresponding amounts of boiled extract 
or with spermine ’*. 

All the leucocytes are affected in this diminution, especially the 


various granular varieties. In the stage of hyperleucocytosis the increase _ 


mainly consists of the amphophil corpuscles. 

The appearance of the leucocytes is profoundly altered as shown in 
films prepared about four hours after injection. The granular corpuscles 
are frequently increased in size and present an irregular shape and ill- 
defined outline, the nuclei appear to be much ee and take a paler 
tint than normally with methylene blue. 

The granules are less compact and often soualdapably diminished in 
number. These changes correspond very closely to those obtained by 
Miltoy and Malcolm™ after injections of nucleic acid. 

Small pieces of lung and other tissues were fixed in corrosive subli- 
mate and imbedded in paraffin and sections showed a small increase in 
the blood corpuscles in the pulmonary capillaries’. 


THE INORGANIC CONSTITUENTS OF THE TESTIS. 


Before drawing conclusions as to the cause of the physiological 
effect of large injections of testis, it was considered desirable that the 
quantity and action of the inorganic salts should be determined. 


1 It is now well authenticated that feeding on nucleo-proteid produces hyperleucocytosis 
and an increased excretion of P,O,. Chabrier has shown that orchitic injections in man 
produce a diminished excretion of P,O,, a fact of some interest in relation to the hypo- 
leucocytosis. 

Farther experiments are now in progress on this subject. 
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For analytical purposes the testes of the ram were used; one pair 
of fresh testes were found to weigh 560 grms. They were sliced into 
small pieces and thoroughly dried in a hot air oven at 100° F. during 
three days, when their weight was diminished to 75 grms. 1.¢. about 
87°/, of the normal testis is water; with the testes of the guinea-pig 
and rat the percentage was still greater. 

Ten grams of this dried material were powdered up and completely 
incinerated at as low a temperature as possible: after cooling in a 
desiccator this weighed 0°756 grm, that is to say the inorganic salt 
forms 7°56°/, of dried material. The ash is readily soluble in water, 
except for a very small percentage of lime, and chlorides, sulphates, 
phosphates and potassium can be detected by the usual chemical 
methods. | 

For experimental purposes a 2°/, solution of this ash dissolved 
in normal saline was employed. Three c.c. injected into the circulation 
of a cat produced a rapid fall of pressure with slight cardiac slowing 
followed by a quick recovery. This effect was still obtained with little 
alteration in the atropinised animal. 

Larger injections produced a fall of pressure nearly to zero, the 
heart stopped beating, and respiration also ceased soon after. 

Further experiments with the salts were made by perfusing through 
the excised frog’s heart. The heart was rapidly affected and stopped 
in diastole. The action on frog’s muscle and mammalian heart also 
produced effects harmonising with the supposition that potassium was 
the active substance. 

Inorganic salts cannot be responsible therefore for any of the effects 
described, except in those cases where very large injections of boiled 
extract (especially where the dried material was used for preparing the 
extract) were employed, when the effect corresponded to the potassium 
effect and remained uninfluenced by atropine. 


THE CHEMICAL COMPOSITION OF ORCHITIC SUBSTANCE. 


Normal fresh orchitic extract is alkaline to litmus. Decomposition 
is very rapid, and a smell of H,S is eliminated. 

Fresh testis contains about 13°/, of solid matter in the ram, but 
less in the guinea-pig, rat and rabbit. Of the proteid matter, nucleo- 
proteid forms by far the largest bulk, a trace only of other proteid 

being present. Fibrinogen, proteoses and peptones are absent. With 
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regard to non-proteid organic substances probably a considerable 
number are present. 

Spermine phosphate is easily prepared from semen or epididymis 
by precipitating with alcohol, filtering, and extracting the precipitate 
with distilled water containing a drop of ammonia; on evaporating 
this to dryness on a watch-glass characteristic crystals are obtained. 
From the testes of the dog these crystals may be obtained without 
much difficulty by making an extract with water containing a drop of 
ammonia, evaporating to dryness and removing the fat with ether. 
The testes of the ram are very difficult to deal with on account, of the 
fat they contain. Spermine gives the usual alkaloid tests; it may be 
precipitated with phospho-molybdic acid, phospho-tungstic acid, tannin, 
gold chloride, platinic chloride, ete. The gold salt crystallises in 
irregular golden yellow plates which are characteristic. These plates 


are of little use however in detecting minute quantities of spermine. 


Spermine is insoluble in alcohol and ether. 
The only other bodies which I have been able to recognise in the 
crystalline state are cholesterin and kreatin. Choline was not detected. 
An alcoholic extract of the dried and powdered gland was obtained 


by extracting with absolute alcohol during 24 hours: the fluid was 


then strained off, filtered, evaporated to dryness and taken up with 
normal saline. The injection of this extract into animals gives rise 
to effects indistinguishable from those of the “A” effect observed with 
the normal extract. 


Fig. 25. Cat. Urethane. Splenic volume. Blood-pressure. Effect of a small 
| injection of alcoholic extract of testis. Time marker=seconds. 


If the material which has been exhausted with alcohol is dried and 
further extracted with normal saline, a fall of pressure is still obtained 
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of the same character as that given by the alcoholic extract so that at 
least two depressor substances must be present, one soluble in cold 
water, and insoluble in alcohol, and the other soluble in alcohol: to 
the former group spermine belongs. 

Further there is a distinct difference in the action of the testis 
and its secretion (7.e. extract from the substance of the epididymis 
and vesicule seminales), in proportion as the latter loses its cardiac 
effect it gains in its power as a vaso-dilutor. This effect is shown 
in Fig. 12 in the-case of the dog and is also seenin the cat. The fall of 
pressure in both cases is largely vaso-motor. All the organs of the 
body dilate with the exception of the kidney, which becomes markedly 
constricted. 

Hence it may be concluded that these active bodies inducing vaso- 
dilatation are produced by the metabolism of the testis (nucleo-proteid). 
As regards actual recognition, spermine although present in both is 
much more readily detected in the epididymis. 


CONCLUSION. 


_ From the experimental evidence brought forward it is shown that 
orchitic extract, prepared by macerating the fresh gland with physic- 
logical saline, contains three groups of bodies: (1) proteid, (2) organic 
substances unaltered by boiling, (3) inorganic salts. Of the proteids, 
nucleo-proteid is the most plentiful and the only one which produces 
any marked action. 

It produces, as observed in solution in normal orchitic extract, 
@ fall in blood-pressure after a somewhat lengthy ‘latent period; this 
effect is mainly the result of cardiac inhibition and is most highly 
developed in the cat. Inhibition lasts a time, varying with the amount 
injected, and recovery is very gradual. Small injections produce a 
quickening of respiration, but quantities sufficient to obtain well- 
marked cardiac inhibition cause a temporary absence of all respiratory 
movements. Respiration begins again gradually and ultimately as- 
sumes a condition both quicker and deeper than that which was 
present before injection. This effect is associated with some dilatation 
of the splanchnic area, spleen and testis, but the kidney always shows a 
very considerable and prolonged constriction. 

In cats the injection of normal orchitic extract produces, about the 
time of cardiac — an initial splanchnic constriction, but this 
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condition, which is not observed in dogs, rapidly gives place ‘to the 
typical: dilatation ; in the goat this initial constriction produces a rise 
in blood-pressure because the associated cardiac effect is absent in this 
animal. | 
_ Both the cardiac and respiratory effects are absent if the vagi have 
been previously severed, and the effect would therefore seem to be 
central in origin. If injections are made directly up into the brain | 
through the peripheral end of the carotid artery, the latent period, from 
the moment of injection up to the time of cardiac inhibition, is 
prolonged. These effects (cardiac inhibition and cessation of respi- 
ration) are therefore probably reflex originating in the periphery, the 
impulses in the case of the heart passing to the brain and down the 
Splanchnic dilatation still ‘occurs after egagne of the vagi or 
injection of atropine. 

It will not be out of place here to refer to the opposition of the 
renal vessels and occasionally the testicular as opposed to the intestinal. 
For example, in the dog orchitic injections produce intestinal dilatation 
of vessels accompanied by renal and testicular constriction. 

It is difficult to conceive how such an effect can be peripheral, and | 
in a number of perfusion experiments which I have performed with 
orchitic extract, I obtained identical results whether perfusing the dog’s. 
kidney or rabbits’ hind limbs’. 

The suggestion of Brodie™ that this condition is brought about by 
an excitation of the vaso-motor centre seems the most probable. 
The precipitated and redissolved nucleo-proteid has a slightly 
different action from the native substance in orchitic extract. The 
latent period is prolonged and the cardiac inhibition when once obtained 
continues for a very long period. 
Injections of nucleo-proteid produce protrusion of the eyeballs 
and slight dilatation of the pupils but death never results from intra- 
vascular coagulation of the blood. | 

Injections of testicular substance give rise to a prolonged hypo- 
leucocytosis followed by hyperleucocytosis. The hypoleucocytosis is 
largely the result of altered distribution of the leucocytes, and mainly 


affects the polynuclear corpuscles. This effect is principally due to 
the — 


a There can be little doubt that the testis constriction is muscular, as this ‘ongan is in 
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The effect of the second group of bodies may be observed after © 
either section of the vagi, the administration of the filtrate from the 
boiled’ extract, or the administration of the gland by the stomach. By 
any of these methods the nucleo-proteid effect on the heart and 
respiration is eliminated. The action of this group of substances 
corresponds closely to the action of a number of leucomaines of which 
choline may be taken as an example; some small differences have 
however been pointed out. The effect “A” differs from choline in that 
whilst with the former substances splanchnic dilatation is not immediate 
and is not manifest frequently until the maximum fall of pressure is 
reached, with choline the dilatation is synchronous with the fall. In 
the fornier the effect is mainly cardiac, in the latter mainly vaso-motor. 

Spermine is responsible partially but probably only in a small 
degree for this effect because an alcoholic extract of testis—in which 
spermine is insoluble—produces the same effect. Orchitic injections 
produce similar effects on animals which bave been castrated some 
months previously and on the normal animal. 

Inorganic salts are present to 7°5°/, of the dried ram’s testis and 
chlorides, sulphates, and —- of — potassium, or calcium 
can be detected in the ash. 

The vaso-dilator substances shes are not destroyed by boiling are 

more powerful in the epididymis and vesicule seminales than in 
_ the testis and hence are probably derived from: the metabolism of the 
glandular epithelium of the testis. 
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ON THE ACTION OF IODINE AND IODIDES 
CHIEFLY WITH REGARD TO THE MUSCLES OF 
FROG. By RALPH STOCKMAN, MD, ann FRANCIS 
J. CHARTERIS, MB., University of Glasgow. 


In the course of a research on the action of iodine we have observed 
that the element itself as well as the iodides of sodium, potassium, and 
ammonium, are capable of producing rigor mortis of the voluntary 
muscles in the frog. This is in these animals the most prominent and 
characteristic action of iodine and iodides, but has not, so far as we 
know, been previously described. Purser’, many years ago, made 
experiments on frogs with potassium iodide, giving 14 to 3 grains 
(9 to 18 centigrms.) subcutaneously, and found that the animals died 
very rapidly while the muscles at the place of injection and elsewhere 
passed into a condition of rigor mortis. It is most probable that what 
he saw was the well-known poisonous effect of the potassium ion on 
muscle (common to all potassium salts) rather than the iodine effect, 
which occurs much more slowly. He regards the action as a direct one 
on the muscles, but in any case potassium iodide is not a good salt for 
the purpose of studying the effects of iodine and iodides, as the 
potassium itself is a very powerful muscle-nerve poison. We have used 
in our experiments iodine, and the iodides of sodium, potassium, and 
ammonium, giving them by the mouth and subcutaneously, and in 
very varying doses. Shortly stated the results are as follows: When 
0015 grm. iodine dissolved in four drops of dilute alcohol is given to a 
frog by the mouth, it is noticed after one or two hours have elapsed that 
the animal’s movements are becoming stiff, and that this is due to the 
muscles contracting firmly and relaxing slowly. The change is first 
seen in the muscles of the back and abdomen, but spreads more or less 
rapidly to those of the extremities; the heart continues to beat, and the 
motor nerves and spinal cord remain excitable to electric stimulation 
as long as the muscles show any contraction. The latter, however, 


1 Dublin Journ. Med. Sci. xuvu. 834.. 1869. 
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especially if caused to contract by stimulation of their motor nerves, 
soon pass into severe rigor mortis, becoming stiff and white, and acid 
in reaction. If the frog placed under a bell-jar be exposed to iodine 
fumes sublimed by gentle heat, the brain and spinal cord become 
rapidly depressed, and the muscles pass into complete rigor mortis 
in about twenty or thirty minutes. The heart goes on beating after 
this, and, as before, the motor nerves remain excitable to electric 
stimulation as long as the voluntary muscles show any contraction. 

Chlorine and bromine fumes have an exactly similar action on the 
muscles, as well as on the nervous system and heart. 

Minute doses of iodine (0°25 mg.) simply caused a very slight 
increase in the spinal reflexes, no action on the muscles being observed. 

With sodium iodide the results are very similar. When doses of 
0'1 to 0'2 grm. dissolved in water are given by the mouth there may 
occur in a few minutes a slight increase of reflexes which soon passes 
into depression, and shortly afterwards the muscles begin to be affected. 
Those of the trunk first cease to contract on stimulation and then more 
slowly and gradually those of the extremities become involved. When 
they first come under the action of the iodide they tend to remain 
contracted after stimulation, only relaxing very slowly, and finally they 
pass into the permanent contraction of rigor mortis, the onset of which 
is hastened by voluntary movement or by electric stimuli applied 
either to the motor nerves, to the spinal cord, or to the muscles 
themselves. 

When sodium iodide is given subcutaneously, doses of 0°05 to 0°1 grm. 
dissolved in ten drops water cause marked fibrillary twitchings at the 
point of injection, and these took place even if curare had been previously 
given, showing that they are due to a direct action on the muscle. 
The muscles locally are rendered non-contractile to electric stimulation 
generally within an hour, and there is a slight increase of the spinal 
reflexes. In the course of the first, second, or third day after adminis- 
tration all the muscles pass into rigor mortis, becoming opaque white in 
colour, stiff, and acid in reaction. The cord and motor nerves remain 
excitable as long as the muscles will contract, and the heart goes on 
beating for some time longer. When 0°2 to 0°3 grm. was given hypo- 
dermically the muscles locally were killed in a few minutes, and the 
spinal cord and heart became greatly depressed. : 
Sodium chloride has not these actions, at least in any marked 

degree. When 0:06 to 01 grm. was given subcutaneously to frogs, 
fibrillary twitchings occurred Jocally with other symptoms of irritation, 
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but the animal soon returned to normal. Later, however, the muscles 
locally appeared to be a little stiff, just as with sodium iodide, but the 
animals were never seriously affected as with the latter. Neither has 
sodium bromide any marked action on muscle. Even when 0° grm. 
‘sodium chloride in twelve drops water was given, the muscles and 
nerves remained excitable although the animal usually died. 

With potassium iodide small doses subcutaneously such as 0°01 grm. 
caused increase of spinal reflexes after some hours usually, but in one 
or two days rigor mortis of all the voluntary muscles supervened. 
When 0°02 to 0°1 grm. is given there is marked depression of the spinal 
cord, the muscles all round the place of injection are killed in a few 
minutes, and the heart stops in diastole after some time. Death seems 
to occur before the distant muscles have time to be poisoned, This is 
the action which Purser observed, and it is probably due chiefly to the 
potassium, as potassium chloride, potassium bromide, and potassium 
carbonate, were found by us to have exactly similar actions. Given 
per os potassium iodide causes depression of the spinal cord, and poisons 
the heart and voluntary muscles. The potassium action is very pro- 
nounced and masks the iodine action to a great extent, especially with 
large doses. It is very much more poisonous, and more rapid in its 
effects locally, than sodium iodide. 

With ammonium iodide the peculiar rigor mortis effect is extremely 
prominent. Such amounts as 0:05 to 0°2 grm. given by the mouth dis- 
solved in water causes in an hour or two general rigor mortis, with 
depression of the cord and brain. The eye reflex is always soon 
abolished. If the muscles be stimulated when they are beginning to 
show rigidity, the contraction lasts a very long time and relaxation 
takes place slowly. Subcutaneously 0°025 to 0°2 grm. causes death of 
the local muscles very soon ; later, if the animal does not die previously, 
all the muscles pass into very pronounced rigor mortis. 

In mammals, potassium iodide given by a vein or subcutaneously 
kills in very small doses and yery rapidly, owing to the extremely 
poisonous effect of the potassium ion on the heart. Death occurs 
therefore without any apparent action on the voluntary muscles. With. 
ammonium iodide, the ammonium action is also the most prominent 
when a single large dose is given. Both salts however exercise the 
typical therapeutic effects of iodine when given in small doses over a 
longer or shorter period, — 

Iodide of sodium is much less poisonous and can be given in 
very large doses without causing death, In rabbits we gave it up 
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to 5 grm. subcutaneously without producing any symptoms more — 
_ marked than quietude and some depression. Such doses, however, may 

be followed by death in rabbits. For the first few hours there are 
no ‘symptoms, but later the animal dies of respiratory failure, and on 
post-mortem examination cedema of the lungs and pleuritic exudation 
are found. Boehm and Berg? state that sodium chloride in similar 
doses has no such action, but in larger doses it has been reported by 
other observers as causing pulmonary edema. Wallace’, and later 
Trousseau and Pidoux*, have recorded their opinion that in man 
large doses of iodides sometimes cause picural pain and effusion; 
certainly in the case of dogs and rabbits large doses of iodine dissolved 
in sodium iodide, or sodium iodide alone, kill in this way. It is 
impossible to say whether the voluntary muscles are affected or not. 
They retain their contractility to electric stimuli for about the usual 
time after death has occurred, and although the animal sits quiet and 
moves stiffly these symptoms do not necessarily imply that the volun- 
_ tary muscles are poisoned. 

We took the opportunity of testing the tissues of some of our 
rabbits for the presence of sodium iodide after having given it hypo- 
dermically in large doses. ‘The test used was to add starch solution 
and chlorine water directly to the tissue. In no part was free iodine 
found, but the iodide was present in the urine, kidneys, blood, con- 
nective tissue generally, vitreous humour, mucous membranes of © 
stomach, intestinal canal, trachea, and bronchi, and the membranes of 
the brain. It was not found in the spleen, liver, lung tissue, and 
brain substance, nor in the red blood corpuscles after being centrifuged 
and carefully ashed. 


CONCLUSIONS. 


1. Iodine, chlorine, and bromine affect very specially the voluntary 
muscles of the frog, causing rigor mortis and an acid reaction. The 
heart is killed later, while the spinal cord and motor nerves remain 
excitable as long as the muscles will respond. | 


2. Iodides also have this effect, but chlorides and bromides have 
it, if at all, to a very slight degree. 


_ 1 Archiv f. exper. Path. v. 829. 1876. 
Lancet, u. 5, 1835-6. 


2 Traité de Thérapeutique, 1. 1875. 
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3. The iodides exercise an almost immediate effect on the local 
muscles when given hypodermically, but, more slowly, the distant 
muscles are also poisoned. When given by the mouth the action is 
similar, The potassium and ammonium iodides are much more | 
poisonous to the local muscles when injected subcutaneously than 
sodium iodide is. The later effect of all three on the distant muscles 
is about the same. The intensity of the local effect probably depends 
to a considerable extent on the base. 


4. Free iodine cannot be detected in the muscles, but it is possible 
that the iodine is set free gradually from its salts, by the muscle cells, 
and that it, rather than the salt, causes the late rigor mortis. This 
seems to be supported by the fact that iodides are less stable than 
chlorides or bromides, and that while free bromine and chlorine act 
like iodine on muscle, the bromides and chlorides of sodium have 
scarcely a trace of this action. 


5. In rabbits the voluntary muscles are not visibly affected, but 
the occurrence of cedema of the lungs and pleuritic effusion points to 
local irritation. This may possibly be due to free iodine. 
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ON THE NATURE OF THE SUGAR PRESENT IN 
NORMAL BLOOD, URINE AND MUSCLE. By 


F. W. PAVY, LL.D, F.RS. R. L. SIAU. 


(From the Conjoint Laboratories of the Royal College of Physicians, 
‘London, and the Royal College of Surgeons, England.) 


BLOOD. 


Magendie®, Bernard®, Schmidt®, and others amongst former 
physiologists recognised a material in the blood which reduced the 
metallic oxides, as of copper, bismuth, and mercury, on boiling in 
the presence of an alkali and which underwent alcoholic fermentation 
in contact with yeast. They thence concluded that sugar in the form 
of glucose was present. 

By Fischer’s discovery of the osazones arising from the com- 
bination of carbohydrates with phenyl-hydrazine a method was provided 
for reliably distinguishing one sugar from another in a manner that 
could not be accomplished before. von Ktilz®, Pickhardt 
and Miura” applied the process to the product obtainable from blood 
and obtained a crystalline osazone which agreed in form with glucosa- 
zone. The last three observers also determined the melting point 
of the osazone and found it to stand at 204° or 205°C. which is the 
melting point of the glucose compound. Hanriot® operating upon 
30 litres of horse’s blood obtained after repeated purification about 
6 grams of a substance corresponding in optical activity and in reducing 
power with dextrose. By treating a portion of the substance with 
‘anhydrous chloral he prepared the so-called parachloralose® with the 
characteristic melting point of 227°C. _ 

Up to the present time it may be said that dextrose has been 
generally believed to constitute the form of sugar existing in blood, and 
one of us writing in 1894 adopted this view. His experimental results 
were not in absolutely strict accord with it but the divergence was not 
sufficient to lead him to consider himself justified in differing from it. 
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His experiments consisted in subjecting the product obtained by 
alcoholic extraction from blood to the inverting action of sulphuric acid. 
Sulphate of soda was employed preparatory to titration to precipitate 
the colouring matters, fats, etc., which are present with the sugar. It 
was known that the hydrolysing power of the sulphuric acid was much 
interfered with by the sulphate of soda, and a temperature of 150° C. 
obtained by the use of an autoclave was employed to meet the difficulty. 
It was felt that at such a temperature danger was incurred of some 
sugar destruction but no other way out of the difficulty presented itself 
till the hydrated alumina process of depuration was adopted™. By this 
process a clear pale liquid is yielded which contains nothing to interfere 
with the hydrolysing action of acid. Hydrolysis is now effected with 
hydrochloric acid under an inverted condenser. 

Since the employment of this method the results have shown that 
the reducing power is to a marked extent greater after than before 
inversion. The following examples may be adduced to illustrate the 
difference observable. 

The figures in the first two columns represent the CuO reducing 
power expressed as dextrose per 1000 of blood before and after hydro- 
lysis. Those in the column headed K represent the percentage relation 
of the CuO reducing power observed before hydrolysis to that found 
afterwards and it is seen that they depart widely from 100, which, with a 
slight allowance for errors of observation, would be the value if 
dextrose were the only carbohydrate present. 


Sugar °/o9 
Source of Before After 
blood hydrolysis hydrolysis K 
Dog 0°860 66 
- Cat 1026 1°409 72 
Rabbit 1116 1°700 65 
Horse 1650 75 


Besides these examples attention may be directed to the results 
already published in this Journal™. In these K has : a mean value 
of 75. 

Glycogen cannot possibly be the source of the increased reducing 
power observed, as the strength of the alcohol (methylated spirit) used 
in extracting the blood is too great to allow of any being dissolved. .. 

In view of these results, showing that an increase in CuO reducing 


_ power is produced by the hydrolysing influence of a mineral acid, and — 
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suggesting the presence of a carbohydrate besides dextrose, the assist- 
ance of the phenyl-hydrazine reaction was sought to throw light upon 
the matter. 

As a considerable quantity of blood was ‘eaneak for working upon 
it was felt that the horse would supply the most suitable source and 
through the assistance of Professor Woodhead an opportunity was 
presented for obtaining what was wanted. 

A horse in a healthy condition which was about to be used in the 
preparation of anti-diphtheritic serum but which had as yet received 
no injection of toxine was employed. From the first bleeding from the 
jugular 2 litres of blood were collected in about 8 litres of methylated 
spirit and taken for analysis. The spirit was kept in motion to secure 
the formation ofa fine coagulum. By this collection direct into alcohol no 
opportunity was afforded for the occurrence of any post mortem change. 

Another portion of blood was taken for the quantitative deter- 
mination of the sugar by the ordinary method, sodium fluoride being 
added to prevent change during transit to the laboratory. The result 
obtained is represented in the table above. ! 

After 24 hours the alcohol was strained off from the precipitate 
which was strongly pressed and after being ground down was again 
extracted with alcohol for 24 hours at the room temperature. The 
mixed extracts were distilled down at 40° C. under reduced pressure to 
about 2 litres and divided into two approximately equal portions A and | 
B in order that a portion might be subjected to examination in relation 
to the question of jecorin. 

Portion A was examined in the ordinary way for sugar. It was 
- concentrated on a boiling water bath to 100 c.c.. and was then boiled 
briskly with alumina and filtered. The filtrate after being treated with 
lead acetate and subacetate and the excess of lead removed by 
-sulphuretted hydrogen was further concentrated to 50 c.c. 

Of this liquid 10 c.c. were diluted and titrated. The K was found 
to be 75. 

The rest of the liquid was mixed with 0°5 grams of phenyl-hydrazine 
dissolved in 5 c.c. of 30 per cent. acetic acid and heated for 14 hours on 
the water bath. A considerable quantity of crystals (a) had then 
separated and were rapidly filtered off. The filtrate was returned to 
the water bath and allowed to cool down very slowly when a further 
quantity of crystals (8) separated. 

Crystals (a) had the form of and after recrystallisation 
from acetone melted at 203°C. 
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' Crystals (8) were collected, washed with cold water and suspended 
in hot water for } hour when all but a small portion (ry) dissolved. 

Crystals (y) collected and washed with hot water and afterwards 
with acetone had the form of glucosazone but melted at 193°C. The | 
amount was too small to recrystallise. 

The hot filtrate from crystals (y) was cooled very slowly. when a 
bright yellow crystalline precipitate separated. The precipitate which 
consisted of spherical aggregates of needle crystals was collected and 
recrystallised several times from hot water when the crystalline form 
‘remained unaltered but when dried on porcelain the pale yellow crystals 
aggregated to an orange-brown mass. The melting point of this fraction 
was 157°C. | | 

Proof was here afforded of the presence of an osazone different 
from glucosazone. 

Portion B of the original alcoholic extract was further concentrated 
in vacuo at 37°C. After first being extracted with wet ether to take 
up jecorin if present, it was treated in the same manner as portion 4 ; 
and again, besides glucosazone, another osazone was obtained which 
crystallised from hot water in spherical aggregates of needles melting 
at 158°C. 

As the alcoholic extract of the blood had not at any time been 
heated above 40°C. the ether extract should, according to the state- 
ments of Henriques, Manasse and others, contain as jecorin the 
greater part of the sugar present in the blood. It was therefore washed 
with a little water and evaporated down. The residue after being taken 
up in water had no cupric oxide reducing power either before or after 
hydrolysis with hydrochloric acid, showing that it contained neither 
jecorin nor sugar. The water washings of the ether were concentrated 
and found to reduce cupric oxide very slightly. This was considered to 
be due to a trace of sugar which had been dissolved by the wet ether 
and was not followed further. 

The above results show that blood contains, besides the sugar 
yielding with phenyl-hydrazine glucosazone, another sugar giving an 
osazone freely soluble in hot water and crystallising in spherical aggre- 
gates of needles melting at 157-8" C. 

_ Owing to the marked solubility of this osazone in mother liquor 

containing phenyl-hydrazine and the products of its decomposition it 

has been found to be of considerable importance that the excess of 

phenyl-hydrazine used should be slight. In a dilute solution with much 

phenyl-hydrazine present it may easily fail to crystallise out and may 
PH. XXVI. 20 
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thus escape recognition. In the case of glucosazone no such difficulty 


Urine. 


Briicke pointed out how by certain processes the sugar could 
be separated from large quantities of healthy urine and obtained in 
a state to give all the ordinary reactions. The process was put into 
practice a number of years ago by one of us (Pavy **) and the presence 


of sugar demonstrated by various tests. 


Since Fischer’s discovery of the osazones producible with phenyl- 
hydrazine no room for doubt has been left as regards the presence of 
sugar in normal urine. Of the earlier authorities who showed that a 
sugar-osazone is susceptible of being obtained from normal urine 
mention may be made of Roos™ (1891), Salkowski™ (1892), 
Baisch®™ (1894), and Pavy™ (1894). 

Baisch " conducted a careful and extended enquiry into the 


question of the nature of the carbohydrate that is present in urine and 


found that it was not limited to dextrose. By the agency of benzoyl 
chloride he extracted the carbohydrate matter in the form of esters. 
Saponifying these esters with sodium ethoxide he obtained a product 
which was found to contain “animal gum” and which yielded two 
osazones, one agreeing in its characters with glucosazone, and the 
other not. The second osazone differed from glucosazone not only in 
crystalline form but also in being soluble in hot water and in having a 
melting point of about 153°C. Baisch regarded it as corresponding 
with Fischer's  isomaltosazone. The parent sugar of the osazone 
was not fermentable by yeast. 

Lemaire repeated and confirmed Baisch’s observations wid. 
agreed with him in identifying the second osazone with that of 
Fischer’s isomaltose. Thus normal urine has been recognised as 
containing not only glucose but likewise a sugar of the maltose type. 
Recently Rosin ™, and Alfthan ™ who worked under his guidance, 
have shown that diabetic urines contain in addition to dextrose 
increased quantities of “animal gum” and of a substance which they 
say is unfermentable and yields an osazone corresponding to that 
described by Baisch and and them they call it 

“isomaltose.” 

We have on many occasions prepared and fractionated osazones 
from healthy urines with like results to those described above. We 
have also similarly dealt with diabetic urines and readily obtained the 
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“jsomaltosazone” product, particularly in cases where only a limited 
quantity of sugar was being eliminated in association with a fair 
amount of. carbohydrate ingested—that is in mild cases of glycosuria. 

In accord with the evidence afforded by this line of investigation it 
is noticeable that the urines in question acquire an increased cupric 
oxide reducing power by subjection to the bydrolysing influence of 
boiling with an acid. 

_ As illustrations of this condition the following cases may be cited. 


I. There was no indication of the subject being otherwise than in 
good health and he was partaking of an ordinary mixed diet when the 
specimen of his urine examined by us was passed. The CuO reducing 
power was raised by boiling with acid from 4°03 to 6°11 °/.. expressed as 
glucose. Treated with phenyl-hydrazine, glucosazone and “ isomaltos- 
azone” were obtained. — 

II. Here the CuO reducing power of the urine was increased by 
treatment with HCl from 4°31 to 6°05°/,.. Glucosazone and “ isomaltos- 
azone ” were obtained. 


IIT. A case of mild glycosuria. The CuO reducing power of the 
urine examined was equivalent to 13°7 °/,, of glucose before and 20°8 °/,, 
after treatment with HCl, giving K=66. The dextrose indicated by - 
the polariscope was 11°5°/,. Examined for pentoses with phloroglucin 
and HCl a very slight red coloration was obtained. 

A portion of the urine was treated with yeast and allowed to stand 
for 3 days at 20°C. The CuO reducing power in terms of glucose was — 
then found to be expressive of 2°7°/, before and 72 °/, after treatment 
with acid, K =38. The fermented liquid showed levo-rotation equal to 
the dextro-rotation corresponding with 1°/,. of dextrose. It gave no 
coloration with phloroglucin and HCl. On treatment with phenyl- 
hydrazine, after removal of the alcohol produced by fermentation, a 
trace of glucosazone and a somewhat larger amount of “ isomaltosazone ” 
were obtained. 


IV. The subject of this case occasionally excreted cupric. oxide 
reducing urine. In the specimen of urine examined there was 
apparently only a trace of glucose present but a considerable quantity 
of “ isomaltose.” 

250 c.c. of the urine which gave a slight but definite reaction with 
Fehling’s solution was boiled with mercuric chloride and sodium 
acetate and, after being freed from mercury by zinc dust, treated with 
phenyl-hydrazine. No osazone separated till the liquid cooled when a 


% 
“" 
a 
a 
rs 
= 
Sd 
~ 
24 
é 
a 


288 F. W. PAVY AND R. L. SIAU., 


plentiful crop of crystals formed. This was almost entirely soluble in 
200 c.c. of hot water from which it crystallised in pale yellow clusters of 
fine needles, After being recrystallised from its solution in water at 
70°C. the purified osazone melted at 152—4°C. In drying on porcelain 
the pale yellggr osazone ran together into a red-brown mass. eee 

-Pentoses were sought for in the urive with the phloroglucin and 
HCl test a result obtained. 


MUSCLE, 


The diverse opinions that were expressed in former times as to the 
presence of sugar in muscle need not be referred to here. We will pass 
direct to those statements entitled te receive attention by reason of the 
greater reliability of the methods adopted. 

Panormoff ™ extracted from mammalian and fish muscle a sugar 
the osazone of which he identified as glucosazone from its physical 
characters, melting point, and elementary composition. He also pre- 
pared from it pentabenzoyl-glucose with the normal melting point but 
he was unable to obtain any fermentation of his sugar solutions, a 

failure which he ascribes to their great dilution. Besides the osazone 
- referred to above Panormoff further separated an osazone with a 
melting point of 152-3°C. by extracting his crude osazone with boiling 
water and collecting the crystals that formed. He makes no suggestion 

as to the parent sugar of this osazone but states that it cannot be 
maltose. 

We have long known that the CuO reducing power of an alcoholic 
extract of muscle becomes considerably increased by-subjection to the 
hydrolysing influence of an acid, and upon this ground it was suggested 
by one of us in 1881™ that maltose might be present. In 1894 the 
author referred to demonstrated by means of photo-micrographs that 


by treatment of muscle extracts with glucosazone 


crystals were obtainable. 

We have since investigated further the question of the osazones 
obtainable from aqueous and alcoholic extracts of mammalian muscle. 
There has been no difficulty in obtaining evidence of glucosazone which 
on account of its very sparing solubility more readily crystallises out 
than other osazones. Even with it, however, a certain amount of 
impediment to crystallisation has been found to be offered by the 
impurities present. We therefore determined to have recourse to 
the benzoyl-chloride process, as adopted by Baisch for the urine, for 
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separating the carbohydrate matter from aqueous extracts of muscle. 
The esters were afterwards saponified with sodium ethoxide in the 
usual way. By means of this method “isomaltosazone” crystals were 
obtained and confirmation was supplied of the results of Panormoff. 


CONCLUSIONS. - 


From what has preceded it is seen that it is not correct to speak of 
the sugar of normal blood as consisting only of dextrose. In reality it 
stands in accord with that found in normal urine and in muscle. All 
stand upon the same footing in yielding evidence of the presence of 
dextrose and of another sugar which gives an osazone that is soluble in | 
hot water, and has a crystalline form quite distinct. from that of glucos- 
azone and a much lower melting point, namely about 153-5°C. 

By Baisch and Lemaire this other sugar has been regarded as 
identical with Fischer’s isomaltose. 

Fischer " who was the first to make use of the term “isomaltose” 
applied it to a product which he obtained by acting’ upon dextrose with. 
fuming hydrochloric acid in the cold. This product, which however he 
never actually isolated, was found by him to give an osazone melting at 
about 153°C., soluble in hot water, and having the composition of the 
 osazone of a disaccharid. 

A similar osazone was prepared by Scheibler and Mittelmeier ™ — 
from the gallisin found by Schmidt and Cobenzl ™ in the unferment- 
able residue of commercial glucose. 

C. J, Lintner claimed to have found “isomaltose” in beer 
residue and, later, among the products of the limited action of 
diastase on starch, but it has been shown by Ling and Baker ™, 
Brown and. Morris ™, and more recently Prior and Wiegmann™, 
that the osazone on which Lintner’s evidence rests is maltosazone 
altered in form and melting point by being crystallised from the 
solution of the uncrystallisable osazone’ of a malto-dextrin. | 

“Tsomaltosazone” was prepared by RShmann and Spitzer ™ from 
dog’s liver and by Kiilz and Vogel ® from the product of the action 
of the amylolytic enzyme of saliva and pancreas on glycogen. The 
product from these sources is probably similar to Lintner’s “iso- 
maltosazone,” 

_ Whatever may be the precise nature of the body to ek the term 
“igomaltose” has been applied, it is evident that it is something distinct 
from glucose. It therefore follows from the results that have been 
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obtained that glucose is not the only sugar present in blood, The 
same applies to urine and muscle and inferentially probably also to 
the other structures of the body. 3 
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I. HISTORICAL AND INTRODUCTORY. 


THE experiments to be described in this paper were made with the 
object of obtaining evidence as to the nature of the phenomena 
known as galvanotaxis or galvanotropism. I have confined myself to 
observations on the ciliate Infusoria, and do not propose in the present 
paper to enter into the question of how far the superficially similar 
reactions of certain metazoa have an ultimate origin of the same 
nature. | 

The earliest. experiments on the effect of the current on unicellular 
organisms were made by Kiihne”, who, using platinum electrodes, 
passed a constant current through water containing Actinospherium. 
The apparent effect was to cause a stimulus on the anodic side of the 
animal during the whole time of passage of the current, and a similar 
but weaker stimulus on the kathodic side after break of the circuit. 
With stronger current a weaker effect appeared on the kathodic side 
during passage of the current, and this he attributed to “voluntary” 
contraction, Verworn™, in 1889, repeated and confirmed Kiihne's 
observations, using non-polarisable electrodes, and extended them to 
other Rhizopods. He also first observed that directive effect of the 
current on free-swimming infusoria: which forms the — of this 
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paper. He found that Parameecium, for example, turned, at make of 
the current, with its anterior end to the kathode and swam, with its 
long axis always placed along a line of current, to that pole. The other 
ciliate Infusoria examined behaved in a very similar manner, with the 
exception of Opalina, which moved always to. the anode, and Coleps 
hirtus, which was attracted sometimes to the kathode, sometimes to | 
the anode. 

The flagellates examined collected at the anode, with the exception 
of Trachelomonas and Peridinium, which, like the ciliates, went to the 
kathode. With very strong currents he observed .a shrinkage and 
ultimate disintegration at the anode-pointing end of Paramecium, 


‘while, in Opalina, a disintegration of a different kind was seen on the 


kathodic side. He concluded, therefore, that the motion to one pole 
was caused by a stimulus on the side of the other pole, comparable 
to the stimulus observed in Rhizopods. The suggestion that the . 
kataphoric effect of the current might play some part in the phenomena 
was dismissed by Verworn on the grounds that dead or anwsthetised 
animals showed no such reaction. 

Ludloff®, working with Paramecium, found that the rate of 
collection at the kathode was not proportional to the strength of the 
current; it rose rapidly to a maximum, with increasing strength of 
current, and then diminished. He concluded that the effect was 


_ physiological and not purely physical, The orientation of the organisms 


in the lines of current was explained by the action of the cilia, which 
he observed to strike forwards on the kathodic, backwards on the 
anodic side of the animal. To account for the passage to the kathode, 
he supposed that the backward striking cilia at the anodic end of the 
animal worked more powerfully than the forward-striking cilia at the 
kathodic end. 

Loeb and Budget, assuming the correctness of Verworn’s theory — 
of anodic stimulation, attempt to bring the result into harmony with 
Pfliiger’s Law of Stimulation. They suppose that alkali is set free — 
where the current leaves the water and enters the animal, acid where 
it leaves the animal to enter the water. Their evidence is the supposed 
similarity between the effect of a strong current at the anodic end and. 
that of immersing the animals in a 1 °/, solution of caustic soda. 

Mouton®™ discusses the possibility of the action of the current 
being chemotactic in nature, and due to the elimination of acid and 
alkali at the poles, Using metal electrodes of a special shape, he 


concludes from the results obtained that the action is not of this 
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nature. He found that Colpidium swam towards the metallic kathode, 
but, being repelled by the alkali there eliminated, formed a widening 
ring round the electrode. Up to this point the tendency has been, 
then, to regard the phenomena as entirely of physiological origin. 
More recent papers have given greater prominence to the possibility 
of a physical origin. 

Birukoff®, using repeated induction shocks as the stimulating 
current, and spiibving them through variously shaped electrodes of 
tin-foil to the animals contained in a thin layer of water under a 
_ eover-slip, finds that the collection at the kathode can be imitated by 
the substitution of inert particles, such as grains of carmine, for the 
living organisms. The behaviour of the latter differs only in that they 
swim to the points of least current density, while the particles collect 
where the density of current is at a maximum. He attributes then 
the movement to the kathode entirely to the kataphoric stream 
produced by the current in the water, regarding the movement from 
points of greater to those of less current density as the only physio- 
logical element in the phenomena. 

Carlgren™ observed the effect of currents on Volvox aureus. In 
this colonial flagellate he observed a setting of the long axis of the 
colony in the lines of current and a movement to the kathode. During 
prolonged passage of the current they move away from the kathode and 
often form a secondary collection at the anode. The flagella on the 
anodic side were inhibited, on the kathodic side unaffected. In fixed 
individuals he observed a shrinkage on the anodic and a swelling on the 
kathodic side, with migration of the parthenogonidia towards the anodic 
side. These effects he reproduced on dead specimens by the use of 
strong currents. He also reproduced, on dead Paramescia, Colpidia 
and Amcebe, the anodic shrinkage and kathodic swelling obtained by 
Verworn in living specimens, and by him attributed to stimulation. 
These effects were only seen in water, and are obviously due to the 
kataphoric action of the current—the “electrical endosmose” of 
Wiedemann, Porret, Quincke and others. He concludes that this 
physical action of the current accounts for many of the supposed 
stimulation-effects on Rhizopods, and that it probably plays a part in 
galvanotaxis. 

Pearl® again investigates the behaviour of the cilia in galvano- 
taxis. He confirms Ludloff’s observations and finds in addition that 
the “forced movement” of the cilia, which causes “setting,” is preceded 
by a “motor reflex” of the pe described by Jennings™ as the 
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result of mechanical, chemical or thermal stimuli. He concludes that 
chemotaxis to liberated ions plays a small part, if any, in galvanotaxis, 
the forced movement being due to a special electrical stimulus, the 
nature of which is unknown. The tendency of Paramcecium to recede 
from the kathode when currents of great strength are used may, he 
considers, be due to the anaphoric action of the current on particles. 
It is evident that, even among those observers who consider that 
purely physical elements are present in the so-called galvanotaxis, 


there is no concurrence of opinion as to which particular elements are 


of physical, which of physiological origin. 


Most of my own experiments have been made with the infusoria _ 


parasitic in the intestine of the common frog. My attention was 
directed to them in the first place by the anomalous results obtained 
by Verworn in his experiments on Opalina and Nyctotherus. Passing a 
strong current through a watch-glass containing these animals in 0°6°/, 
salt solution, he found that Opalina collected at the anode, Nyctotherus 
at the kathode. Such a difference was left quite unaccounted for by 
the suggestion, made by various observers, that the anode-seeking 
habit of Opalina might be due to the fact that it was examined in 
physiological saline, whilst other forms had been tested in more or 
less pure water. The comparatively large size of these animals, and 
of the three species of Balantidium frequently found in the intestine 
of Rana temporaria, makes them convenient objects for the study of 
galvanotaxis. The fact that their normal habitat is a medium contain- 
ing a considerable proportion of salts necessitates their examination in 
a solution containing from ‘5 °/,—'75 /*, of sodium chloride, since most 
of them die rapidly in water. This, however, is in itself a conspicuous 
advantage, since it minimises those physical effects which have been 
considered chief or important factors in galvanotaxis. 

Faraday” found that the electrification of substances by contact 
with water was abolished by the addition to the water of small 
quantities of soluble salts, acids, etc., which lessened its electrical resist- 
ance. This contact electrification has been considered by Quincke™ 
to be the basis of the kataphoric action of the current on water in 
glass tubes or porous non-conductors, and of its anaphoric action on 
suspended particles: and in accordance with this view he found that 
addition of ‘1°/, of sodium chloride of °04°/, of sulphuric acid to the 
distilled water completely abolished the phenomena in question. 

Jiirgensen™ and Weyl™ also found that the similar behaviour 
of suspended particles which they described was abolished by the 
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addition to the water of substances increasing its conductivity. — 
Hardy likewise finds that the kataphoric and anaphoric action of the 

current on suspended colloid particles of derived albumins decreases 
with increase in the conductivity of the solutions. One may, therefore, 
expect the physical element of galvanotaxis to be, at any rate, very 
small when such a medium as physiological saline is substituted for the 
more or less pure water in which most of the experiments have hitherto 
been made. In order to determine the nature of the still striking 
reaction to the current which these animals show in such a solution 
of comparatively great electrical conductivity, a comparative exami- 
nation was made of the chemotactic reactions of the five species 
_ mentioned above to acids and alkalis, and of their response to the 
constant current. The modifications produced in either response by 
treatment of the organisms with salt-solutions of varying reaction were 
tested. Other experiments were made on the changes produced in the 
galvanotaxis by varying the concentration of the medium, and the © 


action of the cilia when under the influence of the current was ~ 


examined in the cases of Opalina and Nyctotherus. 


II. NOTE ON THE SPECIES EXAMINED, AND THEIR DISTRIBUTION 
IN THE INTESTINE OF THE FROG. 


At the outset of my- experiments I observed some peculiarities, 
which seem worth notice, in the distribution of the various species of 
Infusoria in the frog’s intestine. The species of ciliata which I have 
found in the intestine of Rana temporaria are five in number and are 
distributed as follows: 

I. Balantidium duodeni (Stein). For description see Saville- 
Kent", Manual of the Infusoria, Vol. u. p. 78. This species was 
described by Stein in Rana esculenta as confined to the duodenum. 
I have found it repeatedly in R. temporaria, in which species it is also 
confined to the duodenum when in its normal cundition. In autumn 
and winter frogs, in which it was often extraordinarily abundant, it 
was often present, in a condition which was probably an early stage of 
encystment, in the lower parts of the intestine. In this condition the 
animal was practically spherical; no trace of peristome could be seen, 
and the movement was chiefly rotation on its axis caused by slowly 
beating marginal cilia. The same condition was produced artificially 
by an accident, the normal forms being left all night in markedly acid 
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salt-solution, and being found i in the spherical condition when examined 

on the next day. 
Balantidium elongatum (Stein). See Saville- Kent, Vol. 11. p. 577. 
The form which I have referred to in this paper as Balantidium 


- elongatum corresponds, as far as I have been able to observe, in all 


details to Saville-Kent’s description of that species, except in that the 
nucleus has the form of a long thin rod, bent mto the form of a horse- 
shoe. If the “ovate endoplast” is a sound diagnostic character the — 


- animal here dealt with must be of a different species. There-can, 


at the same time, be no doubt as to its distinctness from B, entozoon 
(infra). Its general form corresponds to the description of B. elongatum, 


while its chemotactic and galvanotactic reactions are markedly different 


from those of B. entozoon, as is also its distribution in the intestine. 
In the absence of any completely corresponding description it 
will be referred to as Balantidinm elongatum, which was described by 
Stein in the intestine of Triton teniatus and Rana esculenta. I have 
found the species, often in great abundance, in R. temporaria, in which 
it shows a marked tendency to accumulate in a zone about the junction 
of the small intestine proper with the duodenum. When abundant it 
may be found in this region in dense swarms, and in much smaller 
numbers in the rest of the small intestine, extending to the junction of 


- the latter with the rectum. In two cases, in which B. duodeni was | 


absent, B. elongatum was found in small numbers right up to the 
pylorus. Normally, however, it does not extend above the lower third 
of the duodenum. 

This form and B. duodeni were found in great abundance in the 
late autumn and early winter months. From all the frogs examined in 
February, March and April, B. duodeni had disappeared, and during 
the latter part of those months B. elongatum as well, B. entozoon being | 
at the same time rare. More recently, in May, June, July and August, 
all the species have been found again, but not in abundance comparable 
to that of the autumn. The frogs examined were from the common 
stock in use in the laboratory, and collected from various localities 
round Cambridge, so that it seems hardly possible to suppose that the | 
presence of these species is a local characteristic. It seems more 
probable that the disappearance in question is due to a coincidence 
between the reproductive period of these species with the copulation 
and spawning-time of the host, If that is so,an explanation of the 
coincidence may possibly be found in the marked emptiness of the 
small intestine at this period, and an examination of the variations of 
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intestinal reaction, in the frog, with the time of year might furnish a 
clue. This, however, I have not yet been able to make. : 

Balantidiwm entozoon (Ehrenberg). See Saville-Kent, Vol. 1. 
p. 577. This smaller species occurs, mingled with Opalina and Nycto- 
therus, at the junction of the small intestine with the rectum. 

Nyctotherus cordiformis. See Saville-Kent, Vol. 11. p. 580. This 
species of Nyctotherus occurs with Opalina and Balantidium entozoon 
at the junction of the small intestine and rectum. Its abundance 
varies greatly, but it is seldom so abundant as Opalina. It tends to 
accumulate in the extreme upper end of the rectum, and does not 
’ extend so far into the small intestine as does Balantidium entozoon, 
nor so far down into the rectum as does Opalina. 

Opalina ranarum. See Saville-Kent, Vol. 11. p. 559. Opalina is 
found in most frogs accumulated in great numbers at the upper end of 
the rectum. As mentioned above it usually extends rather further 
down into the fecal mass in the rectum than does Nyctotherus. We 
find, then, in this zone comprising the lower end of the small intestine 
and the upper end of the rectum three distinct organisms; and it can 
further be detected in some specimens that each has a zone of maximum 
abundance peculiar to itself, that of B. entozoon being the highest, that 
of Nyctotherus in the middle, and that of Opalina the lowest. For the 
greater part of their extent, however, these three zones overlap, so that 
in most parts of this ileo-rectal zone there will be found a mixture of 
the three forms when present. 4 

In the following table are arranged the results of observations on 
16 freshly-killed frogs, examined in November. The intestine was cut 
into the following parts : 

(1) Upper half of duodenum. 

(2) Lower half of duodenum. © 

(3) Upper half of ileum. 

(4) Lower half of ileum, 

(5) Rectum, with a very short length of ileum attached. 

Each was opened separately in a watch-glass filled with °6°/, saline, 
and the contents agitated with the solution. Each was then carefully 
examined with a low power (3 in. obj.) of the microscope. 

The following abbreviations are used: B, dnod. = Balantidium 
duodeni in the normal state; B. duod (sph.) = Balantidium duodeni in 
the early stage of encystment described above ; B. elong. = Balantidium 
elongatum; B. entoz.= Balantidium entozoon; Nyct. = Nyctotherus ; 


Op. = Opalina. 
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DUODENUM SMALL INTESTINE RECTUM 
Upper Lower Upper Lower 
1, | B. duod. B.elong. and | B. elong.and B.duod. ( } Op. N 
| duod. (sph.) ew and 
2. | B.elong. B, elong. (great | B. elong. Op. Nyct. B. entoz. 
number) and elong. (few) 
3. 0 B. elong. (great | B. elong. (very | Op. and Nyct. (great 
number w) number) 
4. | B.duod. B — and | B. elong. Op. Nyct.& B, entoz. 
elong. 
5. | B.duod. B anak. and | B. elong. B. entoz. ; ae B. entoz 
| elong. and duod. (sph.) 
6. | B.duod. B.duod. and | B. elong. B. elong. (few) . Nyct. B. entoz. 
| elong. & du (sph and B. duod. (sph. ) 
7. 0 B. elong. B. elong. Op. Nyct. B. entoz 
and elong. (few) 
8. 0 0 0 0 Op. Nyct. & B, entoz. 
9. | B.duod. 3B. duod. and | B.duod.(sph.) B.duod.(sph.) | Nyct. and B. entoz. 
elong. (few) Nyct. (few) 
B. entoz, 
10. | B.duod. B.duod. and | B. elong. and B. elong. and | B. entoz 
elong. duod. (sph.) entoz. 
11 B. elong. B.elong.(great | B. elong. B. elong. and . and B. elong. 
number op. a few 
12. | B.duod. B. duod. and | B. elong B. elong. (few) yet. B. entoz. 
elong. and elong. (few) 
13. | B, duod.  B, duod. duod. (sph.) B.duod.(sph.) | Op. B. 
an 
14. | B.duod. B.duod. and | B. elong. and B. entoz. and | B. entoz. 
duod. (sph.) _—elong. 
15. 0 0 0 0 N few and B. entoz. 
16. 0 B. elong. B. elong. B. elong. and Op. . entoz. and 
Op. (few) elong. 


In & few cases a more exact examination of the distribution was 
' made. In No. 6, for example, the lower end of the duodenum and a 


short length of ileum continuous with it were cut into a series of short 
pieces 1 cm., or less, in length. Four successive sections of this kind— 
the last 3 of the duodenum and the Ist of the ileam—gave the sc 
yields of parasitic ciliates :— 

(1) Balantidium duodeni only. : 

(2) Balantidium duodeni with a few elongatur. 

(3) Balantidium elongatum abundant, with a few duodeni. 

(4) Balantidium elongatum, among which only 2 duodeni were found. 

Examples (2) and (11) in the table show that, when B. duodeni is 
absent and elongatum very abundant, the latter may be found along 
the whole length of the duodenum, while several instances are given of 
its extension even to the rectum. 

It would be of considerable interest to determine whether this 
distribution is accounted for by variations of intestinal reaction, and 
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‘accords with the differences of chemotactic response detailed below. 
Tt is clear that the consistency of the fecal food-matter cannot be held 
to account for the phenomenon, since we find the three species of 
Balantidium, resembling one another in the possession of a rudimentary 
mouth, showing the widest differences in distribution, while in the 
rectum, where the fseces have usually become firm, are found a Nycto- 
therus (with complete mouth, pharynx, rectum and anus), a Balantidium 
(with rudimentary mouth only), and an Opalina, which has no trace 
of mouth or anus and appears to be entirely saprophytic. A’ few 
experiments were made on the reaction of the intestinal contents, but 
- it would hardly be legitimate to apply results obtained in the absence 
of several species to an explanation of the distribution of those species 
when present. It may be mentioned that the results obtained seemed 
to indicate a possibility of explaining the distribution in connexion 
with chemotactic reactions, but further examination of the question 
has been postponed until frogs can again be obtained in which all the 
are abundant. 


TIL COMPARISON OF CHEMOTAXIS AND GALVANOTAXIS. 


For these experiments the organisms were shaken into the various 
salt-solutions in watch-glasses and were left in. the solutions for times 
varying with their nature. 

My early experiments were made in the ‘6 °/, solution of crude salt 
in use as physiological saline in the laboratory. Very consistent results 
were obtained when the animals had been left in it for a sufficient time 
—half-an-hour or more—before the experiment was made. Certain 
discrepancies observed when the animals were freshly shaken into the 
solution and the experiment made at once, and particularly in cases 
where they were obtained from freshly-killed frogs, suggested to me 
that the reaction of the medium in which the animal had been living 
before the experiment had an effect on both chemotaxis and galvano- 
taxis. It was found that the laboratory salt solution was very 
distinctly alkaline to litmus or methyl orange, and gave a faint pink 
colour even with phenol-phthalein. Experiments were therefore made 
on specimens which were left for varying times in neutral, alkaline and 
acid salt solutions, and in this way completely consistent results were 
obtained. The animals were shaken into a neutral or faintly alkaline 
salt. solution. coloured with litmus. The intestinal contents have a 
reaction which varies with the freshness of the frog. In freshly-killed 
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frogs, for example, the rectal contents are usually faintly acid, but 
when taken, as was the case in a large number of experiments, from 
frogs which had been used for other purposes and had been dead in the 
laboratory for some hours, they were usually markedly alkaline. The 
reaction of the solution, therefore, was adjusted after the admixture 
with it of the intestinal contents containing the infusoria. In most 
cases the faecal matter could be washed away by repeatedly drawing off 
the solution with a pipette and adding fresh quantities, since these 
infusoria all sink with comparative rapidity to the bottom of the 
solution. When a preparation in moderately clean and neutral salt 
solution had thus been obtained the reaction was finally adjusted to 
the required condition by the addition of °6°/, salt solutions containing 
small proportions of sulphuric or acetic acid, caustic soda or sodium 
carbonate. Since alkalinity when present seemed to be due to car- 
bonates the addition of acid was accompanied by a vigorous stirring of 
the solution by a stream of air. A solution in which litmus took a 
purple tint unchanged by a stream of air blown through it, or by 
standing for several hours, was considered to be neutral; but it must be > 
mentioned that small variations of reaction were doubtless present in 
the various solutions to which the description neutral was applied, 
owing to the fact that the colour of litmus changes not suddenly but 
by imperceptible gradations with change of reaction. With regard 
to the degrees of alkalinity and acidity described as “faintly” or 
“markedly” alkaline or acid it should be pointed out that it is 
impossible to make an exact estimate of the alkalinity or acidity of a 
solution which is crowded with organisms constantly affecting the 
reaction of the solution in their immediate neighbourhood. 

| It may be stated that solutions are described as “ faintly ” alkaline 
which, while of weaker alkalinity than the laboratory saline, gave a 
distinct blue colour with litmus. By a markedly alkaline solution is 
meant one containing ‘005 °/,—02°/, of NaOH, while between these 
two may be reckoned the “moderately” alkaline reaction of the 
laboratory saline. A solution is described as “faintly” acid when it 
gives a distinct but slightly bluish red with litmus, as “markedly ” 
acid when the reaction is a clear scarlet—as when it contains 
005 °/, H,SO, By using sufficient bulk of these solutions the effect 
of local alterations of reaction may be so minimised as to be almost 
negligible, but it was considered that the fact of the existence of such 
changes made it unjustifiable to describe the reactions in more definite 
terms than those employed. 
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Experiments were tried with the use of a ‘6%, solution of pure 
sodium chloride as neutral saline. It was found, however, that the 
organisms died sooner in this than in laboratory saline neutralised, 
while boiling, with hydrochloric acid. It is the latter solution, there- 
fore, which is here referred to as “ neutral saline.” 

The test-solutions for chemotaxis were made up with neutral saline 
so that the effects might not be complicated by the effect of ne 
water, which is rapidly fatal to these animals. 

For the chemotactic experiments a drop of solution containing the 
organisms was placed on a large glass slide and covered by a large slip 
supported on short lengths of capillary tube. The test-solutions were 
drawn into rather narrower capillaries, the ends of which were passed 
under the coverslip into the drop (Fig. 1). Solutions were generally 
used in pairs, one capillary containing an acid-salt solution, the other 
an alkaline solution, carefully made equivalent. The slide so prepared 
was placed on a black tile for observation with a hand-lens, and could 
be removed to the stage of a microscope for more careful inspection 
with a low-power objective. 


_ Another method, which gives more satisfactory results in some 
instances, is to insert the ends of the capillaries containing the test- 
solutions into a collection of the organisms at the bottom of a 


g 
j 
| 
\ 
° 
~ 5 
\ 
~ \ - ~ 
_ 
‘ 
ig. 1. Method of testing chemotaxis 4 
Fig. 1. of testing chemotaxis. 4 
J 


302 H. H. DALE, 


watch-glass of salt solution, removing the tubes after a suitable interval 
for examination with the microscope. 

In the use of either of the above methods the small calibre of the 
capillaries made rapid diffusion impossible, so that it was possible to 
watch the local effect of an acid or alkaline solution independently of 
that of the antagonistic solution used with it. To make it certain, 
however, that there was no confusion of effects—that, for example, a 
result attributed to an attractive effect of an alkaline solution was not 
in reality due to the repulsive effect of an acid solution used simul- 
taneously—numerous control experiments were made with the use of 
one solution only, In most cases it was considered desirable to use the 
solutions in equivalent pairs so that the reaction of the general medium — 
might change as little as possible during an experiment. 

Galvanotactic reactions were tested in a stimulation-trough similar 
to that devised by Verworn. Two oblong slips of unglazed earthen- 
ware were cemented on to a large glass slide by means of as small 
a quantity of sealing-wax as would form a thin, even film between the 
earthenware and the glass. They were fixed parallel to one another at 
j a distance of about lcm. and the cell was completed by side-walls of 
‘ sealing-wax. By grinding with a wet stone the walls of the cell were 
q levelled and its depth reduced to about 1 mm. To the ends of the 
_ slide were fixed wire holders for non-polarisable brush-electrodes, the 
brushes of which were applied to the porcelain slips. Before making 
an experiment the slide, with the electrodes in position, was placed in 
a dish into which was poured a thin layer of the particular salt solution 
to be used in the experiment. In this it was left for some minutes, so 
that earthenware and brushes might be saturated with the solution. 
In the absence of this precaution the effects of the current were liable 
to be complicated by chemotactic phenomena. 

Fig. 2 shows the trough with the electrodes in position. The 
current was furnished by a battery of 12 bichromate 1 pint bottle-cells, 
usually arranged so that current from 3, 6, 9 or 12 cells could be used, 
& and its direction changed by means of a Pohl’s reverser. 
| The object of the experiments being a comparison, in the case of 
each animal, of the chemotactic and galvanotactic reactions under 
varying circumstances each of the organisms will be dealt with 
separately and the various phenomena will be presented in such order 
as to facilitate the comparison. In the actual experiments it was, in 
| the case of the first three animals, a rare occurrence that any one 
{ species was examined separately, since in most cases the three are 
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found intermingled at the junction of the small and the large intestine. 
Their reactions, however, will be described separately except when 
combined is necessary for comparison. 


Fla 2 
Fig. 2. Diagram of trough with electrodes. 


Opalina Ranarum. 


Opalina is much more delicate and more easily affected by solutions 
than are the other genera here dealt with. This is probably due to its 
flattened form, on account of which it presents to the action of the 
solution a far larger surface in proportion to its bulk than do the other 
forms. When washed clean from intestinal contents it dies in a 
‘6°/, solution of pure sodium chloride with a rapidity which makes 
experiment difficult. In neutralised laboratory saline it lives much 
longer, and still better in saline of which the reaction is faintly alkaline. 


A. Chemotacis. 


After treatment for 10—15 minutes with an alkaline solution 
Opalina shows the most lively activity. Apparently the optimum 
reaction is one just on the alkaline side of neutrality. In a solution of 
such reaction Opalina becomes very transparent and moves with rapid 
rotation round its longitudinal as well as round a vertical axis, 
presenting an iridescent play of colour when viewed by reflected light. 
In stronger alkali, up to (005°/, NaOH, it still moves vigorously, but 
the movements become more sluggish after treatment for some time, 
and in a few hours almost cease. In a faintly alkaline solution I have 
kept Opalina in active condition for 24 hours. 

In alkaline solutions Opalina shows a marked tendency, both in the 
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watch-glass and under the coverslip, to form aggregations or clusters. 
In these the animals move with undiminished activity and speed, 
continually gliding over one another and rotating, but never going far 
beyond the outer limit of the cluster. A similar phenomenon, observed 
by Jennings™ in his experiments on Paramecium, was proved by 
him to be due to chemotactic attraction to carbonic acid. The other 
reactions of Opalina point to a similar cause in this case. The 
formation of such clusters naturally interferes with the exhibition of 
the normal chemotactic reactions and it was found necessary to disperse 
them, by tapping the coverslip, before the test-capillaries were intro- 
duced. With this precaution Opalina, after treatment for upwards of 
a quarter of an hour with any alkaline solution, was tested on the slide 
with test capillaries containing °15°/, acetic acid and ‘1°/, caustic 
soda, respectively, dissolved in ‘6°/, saline’. It showed an immediate 
and unmistakable attraction to the mouth of the acid capillary and an 
_ equally manifest repulsion from the alkali. A crowd of Opalinz 
gathered round the mouth of the acid tube, and a widening clear 
space, which formed round the mouth of the alkaline tube, marked the 
progress of diffusion of the alkali. Five minutes after preparation it 
was usually found that all the Opaline in the drop had cullected round 
the mouth of the acid tube, and examination with a low power of the 
microscope usually showed that some had already entered it. The 
intensity of the attraction varied with the alkalinity of the medium. 
If the alkalinity was marked 15 minutes, preliminary treatment was 
unnecessary for the exhibition of these phenomena: in fact the animals 
might be shaken directly into a drop of such solution (e.g. 005 °/, NaOH 
— in 6°/, NaCl), covered immediately and tested with the capillaries, 
and show an attraction to acid practically as immediate. When the 
solution was only faintly alkaline very inconsistent results were obtained 
if the preliminary treatment with the solution for some time was 
omitted. Such results, however, were often instructive. A common 
type of reaction, when the organisms were shaken directly into such a 
faintly alkaline or neutral solution on the slide, or left in it for only a 
few minutes in the watch-glass before testing, was a marked preliminary 
attraction to the alkali. This might last as long as 10 minutes, and 
showed itself by the formation of a very dense cluster at the mouth of 


1 The soda solution was first made up by adding 1 vol. of N soda to 8 of °75°/, neutral 
saline, 1 vol. of this being then diluted with 9 of -6°/, neutral saline. To this -1°/, NaOH 
the acetic acid solution was adjusted, so that a mixture of equal volumes was neutral to 

litmus. 
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the alkaline tube. After a variable time this cluster moved bodily 
away to the mouth of the acid tube, where a tendency to break up 
made its appearance, one Opalina after another leaving the cluster and 
entering the acid tube, which, after a time, became blocked at some 
distance from the-mouth by a plug of Opalinw. When the tube had 
become thus blocked a further reaction in several cases made its 
appearance ; the individuals which were still collected round the mouth 
of the tube again formed a cluster and again moved away to the mouth 
of the alkaline tube, the contents of which were by this time (usually 
4 an hour to an hour from the time of preparation) much weakened by 
diffusion, Here this somewhat loose cluster remained, attached to the 
side of the alkaline tube near its open end, but not moving actually 
opposite to the mouth and showing no tendency to break up and enter 
the tube. Fig. (3) is a copy of a diagram made from such a preparation. 


Fig, 3. A mixture of Opalina and Nyctotherus tested with tubes of acid and 
alkali. Weakly alkaline medium. 


Opalina and Nyctotherus had been shaken into a weakly alkaline 
solution from a freshly-killed frog. A preliminary attraction to the 
alkali had been succeeded by collection at and entry of the acid tube, 
which became blocked by a plug of Opalina. This was followed by the 
entry of Nyctotherus into the upper part of the acid tube (mde infra); 
but meanwhile the rest of the Opalinz had moved away and formed a | 
cluster at the side of the alkaline tube as shown in the figure, which 
represents the state of affairs about 1 hour after preparation. Such a 
reaction may be said to be characteristic of a preparation of Opalina, 
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from a freshly-killed frog, in faintly alkaline solution. The meaning 
can, I think, hardly be mistaken. The rectal contents in the living 
animal have, almost always, a faint but distinct acid reaction, so that 
the Opalinew are slightly acidified when taken from the rectum. If 
time is not given for this condition to be corrected by the action of the 
solution, the first reaction is a repulsion from acid: and an attraction to 
alkali. When the condition of the animals has become altered by the 
action of the solution in which they are prepared, assisted by the 
alkali diffusing from the capillary near which they collect, a secondary 
and more marked repulsion from alkali and attraction to acid sets in, 
which may be followed, in the case.of a few individuals which have 
become acidified at the mouth of the acid tube, by a third phase of 
repulsion from the acid and attraction to the alkali. It must be 
pointed out, however, that the alkaline gate is probably mitigated by 
the formation of clusters. 

When the animals are obtained from a frog which has been dead 
for some hours, the attraction to acid is seen to be immediate and 
continuous; but under such circumstances the rectal contents are often 
so alkaline that a comparatively small quantity will reverse the reaction 
of a watch-glassful of ‘005°/, H,SO, Under such conditions then it is 
to be expected that Opalina will react as after treatment with strong 
alkali; it will be seen that such is the case. 

In neutral solution Opalina must be kept for some hours before 
experiment to ensure uniformity of result. After such treatment it 
shows an attraction to acid similar to that seen after treatment for 
some time with faintly alkaline solution. 

Sodium carbonate may be substituted for sodioae hydrate in the 
test solutions, and other organic acids, such as lactic or formic, for 
acetic acid without changing the general course of these reactions. If 
mineral acids are used the effects are again similar, but the attraction 
is weaker, or rather, is more easily replaced by secondary repulsion. If 
a preparation in neutral or faintly alkaline saline be tested with 
‘1°/, H,SO, and :08°/, NaOH, the first attraction to the acid tube gives 
way in a few seconds to a movement to the alkali, which may again be 
succeeded by movement back to the acid. Opalina, in fact, is extremely 
sensitive to the action of mineral acids and caustic alkalis. If very 
dilute test-solutions are used, such as ‘005 "fo H,SO, and 004 °/, NaOH, 
a permanent attraction to the acid tube is seen, whether neutral or 
alkaline saline is the medium used for preparation. 

It is very difficult to keep Opalina in a state of’activity sufficient 
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for experiment in a solution made artificially acid, whether with organic 
or mineral acid. In such a medium, even when the acidity is slight, 
the movements become sluggish, the protoplasm opaque, and the 
outline of the animal more rounded. No tendency to form clusters is 
exhibited in this condition, the animals tending rather to adhere by 
their edges in the solution like inert bodies. It may be seen, however, 
_ that a general movement occurs from the neighbourhood of the acid to 
that of the alkaline tube, round which the accumulation is denser than 
elsewhere in the drop. Such a reaction, taken in conjunction with the 
behaviour of animals obtained from the fresh rectum, indicate that, at 
a certain stage of acidification, Opalina is repelled by acid and attracted 
‘by alkali. For the same reason a plug formed in the acid capillary, 
from an alkaline medium, was found after a time to move back to the 

mouth of the capillary and out into the drop, now become more 
strongly alkaline by the unequal diffusion resulting from the blocking 
of the acid tube. 

It seems then that, in any condition of less than a certain weak 
acidification, Opalina will move towards acid and away from alkali; 
that in an acid solution its cilia rapidly become immobilised ; but that 
at a stage still far short of complete immobilisation a tendency appears 
to move away from acid and towards alkali. In other words, when 
its condition is above a certain level of activity it moves towards acid, 
which tends to reduce its activity to that level; but when the activity 
passes below that level a tendency appears to move away from acid 
and towards alkali. The latter has a stimulating effect, and, having 
restored the activity to what I may call the critical condition,. has 
a repellent action. The result must be that Opalina, in a medium 
of varying reaction, will collect in a region of faint acidity. — 


B. Galvanotazis. 


In observing this response, the same precautions with regard to 
preliminary treatment are necessary as in the case of chemotaxis. 
It is unnecessary to repeat the details, and it may be stated at once 
that, after suitable treatment with an alkaline or neutral solution, 
Opalina invariably collects at the anode. At closure of a strong 
current (9—12 cells), after a latent period of a few seconds, the 
animals set themselves with the anterior ends directed towards the 
anode, and swim to that side of the trough. With a weak current 
the orientation is less marked and permanent, the animals frequently 
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rotating, as is their normal habit, when not exposed to stimulation: 
but the prevailing disposition is with the anterior end towards the 
anode, motion in that direction taking place between each revolution, 
so that ultimately all collect on the anodic side of the cell. When 
the current is reversed, passage across to the opposite side, now the 
anode, begins after a few seconds and takes place in exactly the 
same way. i 

If the animals are shaken from the rectum of a freshly-killed frog 
into faintly alkaline or neutral saline and stimulated immediately, 
attraction to the kathode generally appears at closure. This may be 
as marked as the attraction to the anode seen after longer treatment 
with an alkaline solution. When a preparation which showed this 
kathodic galvanotaxis was tested with solutions it was found that the 
attraction to alkali was marked. After a time, varying with the 
intensity of reaction of the solution, the more usual attractions to 
acid and the anode appear. The following is the record of an ex- 
periment in which the comparison was carefully made. 


Exp. Opalina obtained in great numbers from a freshly-killed frog, from 
the rectum of which it was shaken into laboratory saline coloured with litmus. 
Several drops of -1°/, H,SO, added, but reaction is still distinctly alkaline. 
Specimen tested with current in stimulation trough. : 

3 cells—practically complete collection at kathode. 

5 cells—more rapid collection at kathode. 


fic O-+% NacA FIOS o-44, 

Fig. 4. Chemotaxis of Opalina from a freshly-killed frog, soon after shaking into 
very weakly alkaline saline. 


Fig. 5. Chemotasia of Opaling from frog, after 15 to, very 
weakly alkaline saline. 
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8 cells—collection at kathode with tendency to swim transversely to lines 
of current, 

10 cells—the same. 

__ Slide preparation made immediately and tested with capillaries containing 
15 °/, acetic acid and ‘1°;, NaOH. Close cluster forms quickly at mouth of 
alkaline capillary (Fig. 4). 

Other clusters formed in parts of the drop out of range of the test 
solutions’. After five minutes a tendency to move away from the alkali 
became apparent and the cluster gradually moved across bodily to the mouth 
of the acid tube. At the end of 15 minutes the condition represented in 
Fig. 5 had been reached. 

At this stage another specimen was taken from the watch-glass and tested 
with the current (Fig. 6). 

3 cells—anode 
5 cells— ,, 
8 cells— _,, 

10 cells— _,, 

The collection at the anode 
was now as marked with all 
strengths of current as the 
former collection at the kathode. 
At the end of a further five 
minutes the acid tube was ths. in 

vanotaxis of opalina 

palinee. 

Opalina artificially acidified likewise shows a tendency to collect 
at the kathode, but its sluggishness hinders the exhibition of this 
as it does that of the chemotactic reaction. 

With regard to galvanotaxis also, we may speak, then, of a critical 
condition of Opalina) When in a condition of weaker acidification 
than this it is attracted to the anode; when in a condition of stronger 
acidification, to the kathode. Further, the critical condition for 
galvanotaxis corresponds as far as can be ascertained with that for 
chemotaxis. With so sensitive a form as Opalina it is impossible to 
observe a chemotactic reaction such as would correspond to this 
condition—viz. repulsion from both acid and alkali, since the ap- 
plication of the test-solutions is quite sufficient in itself to alter the 
condition. With the current it can sometimes be observed. If the 
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1 It would appear that the acidified Opalinew are still attracted by carbonic acid, 
though repelled by stronger acids. 
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organisms are shaken from a fresh frog into a moderately alkaline 
solution (e.g. laboratory saline) in the trough, and tested at frequent 
intervals, there may often be found a condition in which the first 
kathodic attraction can no longer be detected while the attraction 
to the anode has not yet appeared. In this condition a weak current 
appears to be without effect, while a strong current causes swimming 
transversely to its direction. If we may suppose that the latter 
reaction is expressive of repulsion from both poles the phenomena 
are those we should expect to be exhibited by animals in the critical — 
condition. 

If such a preparation be left for some minutes and again tested it 


is found that the ordinary anodic galvanotaxis has now appeared. 


The response of Opalina to the two kinds of stimuli may be 
summarized as follows for purposes of comparison. 


Alkalinated Neutralised Acidified 
Chemotaxis Attraction to acid Attraction to acid Attraction to alkali 
Repulsion from alkali Repulsion from alkali § Repulsion from acid 


Galvanotaxis Collects at anode Collects at anode - Collects at kathode 


Nyctotherus cordiformis. 


_ This species is very much more resistant to the action of solutions 
than is Opalina. It can be kept for several hours without apparent 
injury in tap-water, and for several days in normal saline. The time. 


necessary for a given solution so to alter its condition as to change 


its reactions to test-solutions, or the current, is correspondingly greater. 
A solution of very weak reaction will usually produce its effect on 
Opalina, so as to secure uniformity of response, in 15 minutes or less ; 
but I have kept Nyctotherus in such a solution for 48 hours without 
obtaining absolute uniformity in the reaction of individuals. No re- 
action is recorded here, however, in which a practical uniformity of 
response was not obtained. To secure this it was found that treatment 
with solutions of marked reaction—eg. *005°/, NaOH or H,SO,—for 
30 min. sufficed; with neutral solutions and those of weaker reaction 
treatment was often continued for 24 hours. 


A. Chemotazis. 


As in the case of Opalina, some hint of the chemotactic: reactions _ 
of Nyctotherus may be obtained simply from observation of its be- 
haviour in a watch-glass filled with salt solution. When the solution 
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is alkaline it shows a tendency to aggregation somewhat similar to that 
seen in the case of Opalina. This tendency is immediately manifest 
when the animals are taken from a frog some hours dead, appearing 
only some time after preparation when they are taken from a freshly- 
killed frog. When, as is usually the case, — and Nyctotherus 
are examined together they form, 
in a solution of marked alka- 
linity, a combined cluster at the 
bottom of the glass. If the 
solution is of weaker reaction a 
somewhat remarkable behaviour 
is to be observed. The two 
species at first form a combined 
cluster; but Nyctotherus soon Ay 
begins to leave this andtoform ~<7 *"® 

a cluster of its own, so that after 
a time two adjacent clusters are 
formed each consisting entirely 
of one species (Fig. 7). | 

The cluster of Nyctotherus is of a-rather different nature from 
that of Opalina, the animals being disposed in a single layer. This 
is probably connected with the tendency of Nyctotherus to swim close 
to any surface with which it comes into contact, its flattened side 
‘being closely applied to such a surface—e.g. the bottom of the watch- 
glass. 
If we are right in supposing that the clustering of Opalina is due 
to attraction to acid, and may further suppose that the broad-surfaced 
Opalina envolves CO, more rapidly than the compact Nyctotherus, 
this behaviour might be taken as indicating that Nyctotherus shows 
a weaker attraction to acid, when in weakly alkaline solution, than 
does Opalina—a suggestion which is Bin by the experiments 
test-solutions. 

When strongly alkalinated—as when prepared from a stale frog 
or treated for some hours with laboratory saline—Nyctotherus shows 
an attraction to the acid which is not conspicuously different from that 
of Opalina. 

When treated only for a shorter time with such a solution, or for 
a long time with a very weak one, after preparation from a fresh frog, 
it shows an attraction to the acid which is conspicuously inferior to 
that of Opalina. Under such conditions it often shows a preliminary 


Clusters of Opalina and Nyctotherus in a 
faintly alkaline medium. 
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attraction to the alkaline tube long after that of Opalina has dis- 
appeared and does not collect near the mouth of the acid tube until 
that has become blocked by a plug of Opalina. In this way it is 
common to have two collections formed in the acid tube at different ° 
levels, the lower one consisting entirely of Opalina, the one nearer 
the mouth entirely of Nyctotherus (see Fig. 5)—a phenomenon which 
strikingly recalls the formation of separate clusters in the watch-glass, 
It must be borne in mind that, under such conditions as those 
represented in Fig. 5, the diffusion from the acid capillary is greatly 
hindered, while that from the alkaline capillary continues unimpaired. 
It is probable, therefore, that the reaction of the outside solution is 
alkaline nearly up to the mouth of the acid capillary, and that 
repulsion from alkali probably plays more part in the behaviour of 
Nyctotherus than attraction to acid. Experiments made with pre- 
parations containing Nyctotherus only, which had been treated for 
6—24 hours with a solution only just alkaline, showed that it was 
attracted, in this condition by very weak acid, but repelled by stronger 
acid and by alkali of any strength. It showed, in fact, a tendency 
to collect near the acid tube when this was first inserted, followed 
by a movement away to a part of the solution distant from both tubes, 
but nearer to the acid. 

The resistance of Nyctotherus to solutions, while it necessitates 
longer treatment to produce a given condition, makes that condition 
more permanent when produced. Nyctotherus, for es shows, 
in the alkalinated condition, a 
more permanent attraction to 


Opalina, in which contact. with 
such an acid rapidly produces 
a change of condition. 

It is evident from the facts 
mentioned above that the at- 
traction of Nyctotherus to acid 
declines very rapidly as the 
alkalinity becomes weaker. | 
After treatment for 24 hours £16 8 
with a neutral solution it shows | 
repulsion from acid and alkali Wig. af 


which are practically equal. The several hours’ treatment with acid saline. 
response varied a little in either 
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direction in various experiments, and in one case no difference could 
be detected in the effects of the two test-solutions, Nyctotherus 
moving away from both without apparent inclination to the side of 
either. 

After treatment for a suitable time—24 en was allowed with 
solutions of weak reaction—with an acid solution Nyctotherus shows 
distinct attraction to the alkaline capillary. 

Fig. 8 shows the response after 24 hours’ treatment with a solution 
made very faintly acid with acetic acid. 

In an acid solution Nyctotherus shows no haihoel to aggregation, 
becoming widely distributed through the solution. 


B. Galvanotazis. 


After such treatment with alkaline solution as results in attraction 
of Nyctotherus to acid it collects at the anode with all strengths of 
current used in these experiments. The orientation in lines of current 
is not marked unless the animals are strongly alkalinated. When 
taken from a stale frog, or treated with markedly alkaline solution 
for half-an-hour it collects at the anode with a rapidity not perceptibly 
different from that of Opalina. When shaken from a freshly-killed 
frog into moderately alkaline solution and tested after a few minutes, 
it is seen that Opalina collects with much greater rapidity at the anode 
than does Nyctotherus, which remains scattered evenly through the 
solution when Opalina has formed a complete collection. If the 
current is allowed to run for some minutes longer Nyctotherus also 
collects, as a rule, at the anode. In many cases, however, after such 
short treatment Nyctotherus collects at the kathode, while Opalina 
collects at the anode. Longer treatment always produces the anode- 
seeking tendency in Nyctotherus also. 

The following experiment illustrates this point, showing that 
Nyetotherus may retain the kathode-seeking tendency for a _per- 
ceptible time even in-a markedly alkaline solution. 


Exp. Opalina and Nyctotherus shaken directly from a freshly-killed frog 
into ‘6°/, saline, with ‘01°/, NaOH, in the stimulation trough. Tested after 
an interval of about one minute with 

Current from 3 cells—Opalina collects at anode. Nyctotherus at kathode. 
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Current from 3 cells—Opalina and reece both to anode. 
6 cells— ” 


Here, then, is probably the explanation of Verworn’s observation 
that Opalina collects at the anode, Nyctotherus at the kathode. His 
result was probably due to this unequal sensitiveness of the two forms 
to solutions, Opalina ‘being affected in a few minutes by a solution 
which may take hours to affect Nyctotherus. 

In weakly alkaline solutions (as also in neutral or alte acid) 
Nyctotherus shows to strong currents (9—12 cells) a reaction of a 
somewhat peculiar nature. The animal sets itself with its longer 
(antero-posterior) axis across the lines of current and with the side on 
which the mouth opens turned towards the kathode. It is further to 
be seen that, in the majority of cases, the anterior end of the animal is 
turned to the right of the direction in which the current flows—te. to 
the right hand of an observer looking in the direction of the positive 
stream. When the current is reversed all quickly rotate, turning 
towards the aboral side, so as to take up the same disposition with 
regard to the new direction of current. 

A few individuals can be seen which have the anterior end directed 
to the left of the positive stream. This behaviour, which for some time 
seemed inexplicable, I believe to be due to the disposition of parts in 
the animal. One side of the body is flattened and is applied to any 
surface with which the animal comes into contact—in this case to the 
floor of the stimulation chamber. Now it can be observed that the 
relation of parts is such that, when the mouth is directed to any point, 
the anterior end is directed, in the majority of individuals, towards the 
right hand of an observer looking at that point, in a minority of cases 
to his left hand. The result is that, when, at the make of a strong 
current, each animal turns with its mouth towards the kathodic side of 
the chamber, the majority show a tendency to swim to the right of the 
positive stream, the minority to the left. In alkaline solution there was 
at the same time a tendency to swim backwards to the anode, the 
resulting course being diagonal and leading ultimately to the formation 
of unequal collection in what may be called the right and left anodic 
corners of the chamber (see Addendum, p. 360). 

After long treatment (24 hours) with carefully neutralised solution 
no trace of reaction to weak currents (8—6 cells) could be detected. 
With the stronger currents (9—12 cells) there appeared the curious 
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orientation across the lines of current described above. This, however, 
was in this case attended by only a slow translatory motion, although 
the animals, when unconstrained by the current, still moved freely in 
the solution. In most cases a very slow movement to the anode was 
_- perceptible with the strongest current used, but only so much as caused 
the appearance of a narrow free space on the kathodic side of the 
chamber after passage of the current for some time. In one preparation 
not even this trace of attraction to the anode could be detected after 
10 minutes’ passage of a current from 12 cells; and this preparation 
was the one above referred to as having shown, with acid and alkali, an 
apparently equal repulsion from both. The following are the details of 
another experiment : | 


ie. Nyctotherus left all night in neutralised solution giving a rather 
bluish purple colour with litmus. 
Chemotaxis. There is a tendency to form a loose cluster in the solution. 
Testing with -15°/, acetic gcid and ‘1°/, NaOH shows—. 
(1) Brief preliminary movement towards acid tube. 
(2) Movement away from both tubes (Fig. 9). 


\ 


FIG Ga 4716 


Fig. 9. Chemotaxis of Nyctotherus after 24 hours’ treatment with neutral saline. 
~ (a) 1 min, (db) 10 mins. after preparation. 


Galvanotaxzis. 3 cells—no effect. 
6 9 
Gy »» except transverse setting. 
‘12 =,, (current passed for 10 minutes). Narrow clear 
space appears on kathodic side of the chamber (Fig. 10). 
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solution Nyctotherus always col- 


viz.: 


H. H. DALE. 
In other cases a slight preliminary attraction to alkali corresponded to 


a weak attraction to the kathode 
appearing only with 12 cells. 
After treatment with an acid : 7 


lects at the kathode. If the |“ 
solution is of marked acid re- 3 . 
action and the treatment suffi- 
ciently long it sets with the OP 
anterior end towards the kathode . 

and swims. straight to that pole 
in the direction of the current. | 
When acidified to a smaller ex- = 


tent, as by a few hours’ treatment “7¢/0 after 94 hour 

with a very weakly acid solution, esas aa (giving bluish 

it shows the transverse orient- ..4 purple reaction with Himus). 19 cells. 

ation with strong currents which 


it exhibited in neutral and weakly alkaline solutions, but now moves 
diagonally to the kathodic corners of the trough, As mentioned 
above, the kathode-seeking habit is characteristic of Nyctotherus taken 
from a freshly-killed frog. When shaken from the fresh rectum into 
alkaline saline it may sometimes be seen, by testing at intervals with 
the current, to pass through the various stages of response corresponding 
to conditions varying from marked acidification to marked alkalination, 


(1) Movement to kathode directly and with some longitudinal 


orientation. 


(2) Movement to kathode with transverse orientation. 

(3) Transverse orientation only. 

(4) a - with movement to the anode. 

(5) Movement to the anode, with some longitudinal orientation, 

It is necessary at this point to discuss the possible cause of this 
curious transverse orientation with the mouth towards the kathode. 
The suggestion is’ obvious that it expresses a repellent effect of both 
anode and kathoae, the repulsion being stronger in the one case or the 
other when movement to kathode or anode takes place, and equal in the 
two cases when motion of translation is absent or takes place only in a 
completely transverse direction. If this is the case we have a very 
interesting correspondence between repulsion from acids and alkalis 
(vide results of chemotaxis) and repulsion from anode and kathode. 
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This still leaves unexplained, however, the invariable turning of the 
mouth towards the kathode. The only hint of an explanation of this 
reaction was given by an experiment in which I happened to test 
Nyctotherus in a weakly alkaline solution, not with the usual weak 
test-solutions in the capillaries, but with capillaries —e 1%, 
H,SO, and ‘8°/, NaOH respec- | 

tively. It could then be seen \6 oh 

that when, after the preliminary or 

attraction to acid, the animals 


felt the effect of the alkaline 0 
solution they turned with their , 
mouths towards the alkaline ca- : 
pillary and moved diagonally : 
away from both tubes (Fig. 11). 3 
It seems, then, that Nycto- 


therus turns its mouth towards 

the stronger alkaline test-solutions as it turns it towards the kathode 
of a strong current. This, of course, leaves the meaning of both 
phenomena quite unexplained, but it furnishes another instance of 
the remarkable parallelism: between the chemotactic reactions of this 
species to acids and alkalis and its galvanotaxis when tested under 
similar conditions. The reactions of the two kinds may be summarized — 
as follows for purposes of comparison and with the omission of all purely 
theoretical deductions. 


alkalinsted aikalinatea Neutral acidified acidified 
Chemo- Attraction Attraction to very Repulsion from Attraction to weak Attraction 
taxis. to acids. weak acids. Re- bothacidandal- alkalis. Repul- to alkali. — 


pulsion from kali, apparen sion from stronger Repulsion 
_ stronger acids & weak eikonal alkalis and acids from acid. 
alkalis of all valentsolutions. of any 
strengths. 


Galvano- — Attract. to anode, Transverse set- Attraction to ka- Attraction 
taxis, to anode. with transverse -ting with slow thode with trans- to kathode. 
setting to strong transverse mo- verse to 
currents. tion. No move- strong currents. 
ment to either 
pole, 


Balantidium entozoon. 
_ This, the smallest Balantidium found in the frog, occurs together 
with Opalina and Nyctotherus at the junction of the small intestine 


with the rectum. It shows a very conspicuous tendency to collect 
round shreds of fecal matter, and adheres to these with such tenacity 
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that it is very difficult to obtain a preparation of the animals in clean 
salt solution, free from such particles. 


A. Chemotazis. 


_ This tendency to adhere to solid particles in the solution interferes 
very considerably with the exhibition of chemotactic reactions by this 
species, and I have not hitherto been able to obtain results as definite 
in this case as in that of Nyctotherus. The main features of its 
behaviour, however, have been definitely made out, partly by the slide — 
and cover-glass method used for Opalina and Nyctotherus, partly by the 
use of capillaries in the watch-glass, __ 

In alkaline solution, after treatment for not less than an hour, it 
collected round the mouth of a capillary containing 15 °/, acetic acid, or 
entered the capillary, according to its condition. Such a reaction 
indicates no difference between this form and’ Nyctotherus or Opalina. 
More instructive results can be obtained by examining it in a pre- 
paration which also contains Nyctotherus. Under such circumstances 
it can be clearly seen that the attraction of Balantidium to acid changes 
to repulsion at a lower point of concentration of the acid than does that — 
of Nyctotherus. This is especially the case if mineral acid be used. 
Fig. 12 is taken from a preparation of Nyctotherus and B. entozoon, 
treated for many hours with very weak alkali, and tested with 015°/, 
H,SO, and 012°/, NaOH. It represents the condition an hour i 
insertion of the capillaries. 
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Figs. 12 & 13. Chemotaxis of Nyctotherus and Balantidium entozoon. Weakly 
alkaline medium. 
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_ Fig. 13 is from another specimen of the same preparation tested 
with the usual acetic acid and soda solutions. 

It will be seen that Nyctotherus has entered the acid tube and 
formed a collection at some distance down from the mouth, the 
Balantidia assembling in an area near the end of the tube on the side 
towards the alkaline capillary. 

- When taken from a frog some hours dead, or when tented with a 
markedly alkaline solution, the attraction to the acid becomes more 
marked and causes passage into the tube of °15°/, acetic acid. 

With stronger test-solutions a diphasic reaction was in many cases 
obtained. With a 1°/, solution of acetic acid and a roughly equivalent 
solution of sodium carbonate this species in alkaline solution showed a 
tendency to aggregate near the acid tube which appeared very quickly 
and lasted for several minutes. Then, while Opalina and Nyctotherus 
remained near the acid tube, and. entered it after some time, Balantidium 
moved away, collected at the mouth of the tube of sodium carbonate, 
and eventually entered this. 

I have not yet been able to make certain of the reactions of this 
species when neutralized. Left for a few hours in a neutral solution it 
shows variations of behaviour corresponding, presumably, to differences 
in its condition at the commencement of the experiment. Left for 
longer periods in neutralised saline it dies and disintegrates. It can 
only be said, then, that after several hours in an apparently neutral 
solution it sometimes shows a weak attraction to acid, appearing long 
after the insertion of the capillaries, when the test-solutions must have 
become much weakened, sometimes a somewhat earlier weak attraction 
to alkali. 

Fig. 14 is taken from a preparation in which Balantidium was 
treated for 6 hours in a solution giving a rather bluish-purple reaction 
to litmus. It represents the distribution an hour after insertion of the 
solutions. 

If under such conditions a mineral acid—e.g. 0°1 H,SO,—is 
substituted for the acetic no such attraction to the acid can be 
detected, the distribution inclining rather to the alkaline —_ of the 
drop (Fig. 15). 

In acid solution, after treatment for some hours, Balantidium 
entozoon shows a marked attraction to alkali. 

No critical condition, such as that described in Nyctotherus, has as 
yet been produced in Balantidium entozoon, It may be doubted, indeed, 
whether such exists, but further discussion of the matter may be 
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postponed till the reactions of the other species of Balantidium have 
been described, since these have many points in common. 


Figs. 14 & 15. Chemotaxis of Balantidium entozoon. Weakly alkaline medium. 


B. Galvanotazis. 


With weak currents the galvanotaxis of Balantidium entozoon 
resembles that of Nyctotherus, collection occurring at the anode in 
alkaline solution, at the kathode in acid solution, while the reaction — 
after long treatment with neutral solution is very slight. With 
stronger currents collection at the kathode always occurs. 

These points are illustrated by the following experiments. 


Exp. Opalina, Nyctotherus and Balantidium entozoon shaken into saline 
with ‘01 °/, NaOH and left for half-an-hour. Tested in trough with 

Current from 4 vells—all collect at anode. 

10 cells—Opalina and Nyctotherus to anode. 
Balantidium to kathode. 

Exp. Opalina, Nyctotherus and Balantidium entozoon shaken into saline 
which was neutralised and left for one hour, at the end of which time the 
litmus in solution was still of a neutral purple colour. Tested with 

3 cells—Opalina—to anode. 
Nyctotherus—no reaction. 
Balantidium— ,, 
6 cells—Opalina—to anode. 
Nyctotherus—no reaction. 
Balantidium—small collection forms at kathode. 

12 cells—Opalina—rapidly to anode. 

Nyctotherus—very slowly to anode. 
Balantidium—completely to kathode. 
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Exp. Opalina, Nyctotherus and Balantidium entozoon shaken from a 
frog some hours dead (rectal contents markedly alkaline) into laboratory 
saline. Tested with current from 


3 cells—all collect at anode. 
Gcella—,, 5 » 
Current increased to 9 cells—Opalina and Nyctotherus remain at anode, 
Balantidium entozoon moves off to kathode. 
12 cells—Opalina and Nyctotherus to anode. Balan- — 
tidium to kathode, 


The following is the record of an experiment made on the galvano- 
taxis of a specimen from the preparation of which the chemotactic 
reaction is represented in Figs. 16 and 17. 


Exp. Bal. entozoon treated with neutral polation giving a bluish-purple 
with litmus for one hour. 
3 cells—no perceptible effect. 


” ” 
9 ” to kathode. ee 
12 ” ” ” 


It should further be pointed out that, in the experiments recorded 
. above, a weak current was passed for some time and its strength 
suddenly increased by the opening of a short-circuiting key. If through 
a markedly alkaline preparation a strong current was passed, without 
previous passage of a weaker current, its first effect was to cause 
collection at the anode. If it was allowed to run for a few minutes it 
could be seen that the attraction to the anode passed off, and the 
Balantidia, one by one, left the anodic side of the chamber and, setting 
themselves in the lines of current with the anterior end directed to the — 
kathode, swam straight to that pole, where in a short time, they all 
collected. If the current was reversed all now passed straight across to 
the new kathode. 

This effect recalls inevitably the diphasic reaction observed with 
the stronger test-solutions and a strongly alkalinated preparation. 

It is clear that the reactions of Balantidium entozoon to the current 
correspond roughly with its chemotactic reactions, particularly if mineral 
acids are used. The parallellism is not so complete as that which could 
be made out in the case of Nyctotherus; but on the other hand the 
experiments are less complete, and owing to the peculiarities of the 
species are necessarily of a rougher nature. It is hoped that a more 
satisfactory method may be discovered of applying the test-solutions, 
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For the present the results may be summarized as follows: 


Alkalinated Neutral | Acidified 


Chemotaxis. With weak solutions—attrac- With organic acid (? cd ¢ to To alkali 
tion to acid. With stronger acid after long 
soluti attraction to al- With mineral al acid sold (2) to 
kali (diphasic effect). alkali. 


_ Galvano- With weak currents—attrac- With weak currents—(?) To kathode 
taxis. tion to anode. Withstronger With strong current— 
current—diphasic reaction. to kathode. 
Preliminary attraction to the 
anode, succeeded after a few 
minutes by attraction to the 
kathode. 


Balantidium elongatum. 


This large form, from the lower end of the duodenum, is not nearly 
so regular an inhabitant of the intestine of the English frog as the three 
species already dealt with. 

Since the breeding season I have found a few frogs which yielded a 
fair supply and have been able to confirm and amplify the somewhat 
rough experiments made in the winter, when the supply was abundant. 


A. Chemotazis. 


When first shaken from the intestine of a freshly-killed frog, in 
which the zone inhabited by this species appears to have a neutral or 
faintly alkaline reaction, Balantidium elongatum appears 
very sluggish. The body is rather sharply curved and 
the animal swims in curves, turning towards the concavity 
of the body-curvature (Fig. 16). 

A few minutes’ stay in an alkaline solution suffices to 
modify greatly the appearance of the animal. The body : 
becomes straightened out and, at the same time, longer eo 
and thinner, and the animal now swims in approximately 
straight lines, making sharp angles in its course. It also “’<7° 
shows a marked tendency, particularly if the solution is strongly 
alkaline, to rise to the surface and swim in the surface film. When the 
alkalinity is reduced so.that the reaction approaches the neutral point 
this tendency disappears and a close collection is formed at the bottom 
of the watch-glass. For this behaviour I can, at present, suggest no 
explanation. When aslide preparation of the Balantidium is made it 
appears in the form of a marked tendency to swim in the surface film 
at the edge of the drop, leaving the centre practically empty unless the 
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number of animals in the drop is very large. This naturally interferes 
_ with the method of testing on the slide usually adopted for other forms. 
It may, however, be used as follows. 

The drop is prepared under the cover-glass in the usual way. If it 
is kept under observation, it will be seen that the Balantidia, which, 
when the drop is covered, swims almost immediately to the edge, show, 
after some minutes, a tendency to return to the middle. This tendency 
increases, and in a few minutes they become evenly distributed through 
the whole drop. If the capillaries are now inserted attraction to one or 
the other may be observed. After a time, however, the attraction to 
the peripheral film again appears and is often sufficient to neutralise 
the attraction of a test solution. 

A much more satisfactory way of applying the test-solutions in the 
case of this species is to push the ends of the capillaries into a collection 
of the animals at the bottom of a watch-glass. Even when “ tendency 
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47G 17 
Fig. 17. Chemotaxis of Balantidium elongatum. (Slide and cover-glass method.) 
Medium alkaline. 


Fig. 18. Chemotaxis of Balantidium elongatum. (Tested in a watch-glass ) 
Medium weakly alkaline. 


to swim in the surface-film is most marked, such an aggregation may 
be obtained by a gentle rotatory motion of the watch-glass. 
By both these methods it was found that alkali exerted a distinet : 
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attraction for this species, when treated with acid, neutral, or even 
moderately alkaline solution for a few hours. Even after several hours 
in laboratory saline they swam right up into the alkaline tube from the 
watch-glass. The acid tube, after 4 an hour, did not contain a single 
individual. Figs. 17 and 18 represent the effect of test solutions on 
B. elongatum, treated for $ an hour with laboratory saline, showing 
respectively the reaction on the slide and in the watch-glass. 

Only after prolonged treatment with moderately alkaline solution 
(e.g. 24 hours in laboratory saline), or after an hour or two in very 
markedly alkaline solution is this attraction to alkali replaced by 
attraction to acid. Even then the attraction to acid is a weak one, 
a collection forming near the mouth of a capillary containing 15 °/, 
acetic acid when the slide-method is used, and a few individuals 
swimming a short way into the acid tube when the test is — in 
the (Fig. 19). 


Fig. 19. Chemotaxis of Balantidium elongatum. (Tested in a watch-glass.) 
After prolonged treatment with markedly alkaline saline, 


When B. elongatum is abundant it may be found, in a frog some 
hours dead, among the now strongly alkaline contents of the rectum, 
mingled with Opalina and the other species normally found in that 
region. 

Specimens prepared under such conditions show attraction to the 
acid tube with weak test-solutions. When stronger solutions were 
used—eg./1°/, acetic acid and equivalent sodium carbonate—a very 
marked diphasic reaction was obtained. | 

Figs. 20, 21, 22 and 23 show four stages of an experiment made 
with such a mixture of Opalina and B. elongatum, shaken from the 
rectum of a stale frog into saline. 
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In this experiment the Balantidium, being a more rapid swimmer, 
collects at the mouth of the acid tube more quickly than Opalina. By 
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Figs. 20—23, Chemotaxis of mixture of Opslina and Balantidium elongatum 
from a stale frog. Alkaline medium. 

Fig. 20. 1 minute after preparation. Fig. 22. 10 mins. after preparation. © 

Fig. 21. 5 minutes ” ” Fig. 23. 20 mins. ” ” 


the time that the attraction of Opalina has become marked (5 mins. after 


preparation) the secondary repulsion of, Balantidium has already begun 
23—2 
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B. elongatum differs, then, in its chemotactic behaviour from the 
forms previously described, in that it shows, under all ordinary circum- 
stances, a tendency to collect in alkali. Only after strong alkalination 
does it form aggregations in weak acid, and, even under such conditions, 
passes over to the alkali when both acid and alkali become stronger by 
diffusion. 


B. Galvanotacis. 


The characteristic tendency of B. elongatum is to collect at the 
kathode. In neutral, acid, or moderately alkaline solution (except 
after long treatment), a few seconds after make of a current through 
the solution it turns its anterior end towards the kathode, and swims 
straight to that end of the chamber. The orientation is more complete 
and permanent with strong currents when the solution is neutral or 
acid. In the latter case the appearance of a body curvature, similar to 


\ 


>. 

44% ! 


+ FIG 29 


Figs. 24—29. Galvanotaxis of Balantidium elongatum from a stale frog. 


Alkaline medium. 
Fig. 24. Before closure. ‘Fig. 27. 15 mins, after closure, 
Fig. 25. 5 mins. after closure. Fig. 28. 30 mins. _,, ” 


Fig. 26, 10 mins, ” ? e Fig, 29. 85 mins, ” ” 
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that seen in the animal as shaken from a fresh frog, hinders the direct 
passage to the kathode. In alkaline solution there appears, with strong 
currents, a tendency to swim across the current to the sides of the trough, 
so that collections form in the kathodic corners. 

After treatment with strong alkali (e.g. 015 °/, NaOH) for an hour, 
or for 24 hours with laboratory saline, collections are formed at the 
anode with weak currents: but the anodic becomes replaced by a 
kathodic tendency if the weak current is run for a long enough time, or 
immediately if its strength is increased. 

The diagrams in Figs. 24—29 are taken from an early experiment 
made by the rough method of leading the current from the non- 
polarisable electrodes through cotton ropes soaked in saline to the 
solution containing the animals under a cover-glass; but the effect of 
very long passage of a weak current (exact strength unknown, but 
E.M.F. probably about equivalent’ to that of 4 bichromates--1.e. from 
6—8 volts) is so well shown that the record seems worth reproduction. 
The animals were shaken from the small intestine of a stale frog into 
laboratory saline. 

In Figs. 30 and 31 are represented two stages of an experiment 
made in the same way with a mixture of Opalina and Balantidium 
elongatum from the rectum of a stale frog. The resemblance to the 


Figs. 30 and 31. Galvanotaxis of Opalina and Balantidium elongatum from 
a stale frog. 


Fig. 30. 5 minutes after closure of a weak current. 
; Fig. 31. 20 ” ” ” ” 


first and last stages of the experiment meet: | in Figs. 21—24 is 
— and suggestive. 
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The following are specimen records of more recent experiments with 
the stimulation-trough. 


Exp. Balantidium elongatum shaken from lower end of duodenum of a 
freshly-killed frog into laboratory saline. Neutralised roughly and left for an 
hour. Divided into three portions. 

(1) Made markedly alkaline by addition of half its volume of 04°/, NaOH 
in ‘6 °/, saline. 

(2) More carefully neutralised. 

(3) Made distinctly acid by addition of a little :1°/, H,SO 

After about an hour tested with current. 


(1) Alkaline solution. | 
3 cells—doubtful. Some to anode, others unaffected. 


6 ” ” ” 
te ° ert with swimming across lines of current. 
: 


(2) Neutral solution. 
Passage to kathode direct and immediate with all strengths, 


(3) Acid solution. 
Passage to kathode complete with all strengths, but — by wane 
of animal towards concavity of curve of body. 


Preparation (1) left all night and tested again next day. 
3 cells—all go to anode. 
6 ,, —most go to anode: a few to kathode, 
but without complete orientation, animals occasion- 
— to kathod 
i “4 % ally turning and swimming back short way to anode. 
{All ultimately collect at kathode. 


Exp. Balantidium elongatum from junction of small intestine and 
duodenum shaken into laboratory saline. Resulting solution distinctly 
alkaline to litmus. 

3 cells—after two minutes’ passage, incomplete collection at kathodic end. 

6 ,, —more complete collection after two minutes (Fig. 33). 

9 ,, —further increase of kathodic tendency. 

12 ,, —yet further increase of kathodic tendency. Reversal causes 
immediate passage to new kathode. 


Exp. Opalina, Nyctotherus and Bal. elongatum from rectum of stale 
frog shaken into laboratory saline. Part neutralised, and to rest added 
‘01°/, NaOH to increase alkalinity. Left for five hours and then tested with 
current in stimulation-trough. 
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(1) In neutral saline. Collected at bottom of —_— where litmus 
is reddish. 
3 cells—Opalina—anode. 
Nyctotherus—anode (slowly). 
Balantidium—no reaction. 
6 cells—Opalina—anode. 
Nyctotherus—%? 
Balantidium—kathode. 
12 cells—Opalina—anode. 
Nyctotherus—across current to right. 
? slight tendency to kathode. 
Balantidium—kathode. 


(2) In alkaline saline. 
3 cells—Opalina, Nyctotherus and Balantidium—anode. 
6 cells—Opalina and Nyctotherus—anode. 
Balantidium—kathode. 
Solution poured off and replaced by saline with :01°/, NaOH. Left for 
10 minutes. Then— 
6 cells—Opalina, Nyctotherus and Balantidium—anode. 
12 cells—Opalina and Nyctotherus—anode. 
- Balantidium—kathode. 


The following experiment gives an opportunity of comparing the 
reaction to the current of Balantidium elongatum with that of Opalina, 
Nyctotherus and Balantidium entozoon. 


Exp. Contents of rectum of a stale frog—-Opalina, Nyctotherus, Balan- 
tidium entozoon and elongatum—shaken into salt solution containing 
0025 °/, acetic acid. 

Resulting solution gave a red colour with litmus, which changed to purple 
in an hour or two and still gave a purple reaction on the next day. Reaction 
~ may be called neutral, therefore. Tested with weak current. 

Result—Opalina, Nyctotherus and B. entozoon collect at anode. 

Bal. elongatum collects at kathode. 


It is obvious that the kathode- and alkali-seeking condition is 
much more easily produced in Balantidium elongatum than in the 
three other species. It is again doubtful whether a “critical condition” 
can be spoken of, since strong alkalination does not seem to weaken the 
attraction to strong alkali or to the kathode of a strong current; it 
merely introduces an anodic and acid attraction with weaker currents 
and solutions. The reaction may be tabulated as follows: 
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Weakly ¢ 
Strongly alkalinated Neutralised Acidified 
Chemo- Weak soluti ttracti Attraction to Attraction to Attraction 


to acids, alkali. alkali, to alkali. 
trong 

tion to alkali. (Diphasic 

action.) 


Galvano- Weak current—attractionto Attraction to Attraction to Attraction 
taxis. anode, giving way to at- kathode. kathode. to kathode. 
: traction to kathode with 


traction to anode, quickly 
giving way to kathodic 
attraction, 


Balantidium duodeni. 


This species, which in the autumn I found in many frogs in such 
' extraordinary abundance that the duodenum had a mottled white 
appearance, disappeared in the spring, and I have since found it only © 
on two occasions in sufficient abundance to make satisfactory experi- 
ment possible. The early rough experiments gave somewhat inconsistent 
results, presumably due to differences in reaction of the duodenum at 
various parts of its length, and insufficient care in giving long treatment 
with solutions of known reaction before making the experiment. The 
correspondence, however, of chemotactic with galvanotactic phenomena 
was always decided when experiments of the two kinds were tried on 
the same specimen. For this reason the results obtained already with 
this species seem worth recording. It is hoped that the examination of 
its reactions may be completed a few months hence. 


Chemotaxis and Galvanotasis. 


Two special features in the behaviour of this species make the 
examination of its reaction and its treatment with solutions for any 
length of time peculiarly difficult. 

In the first place it exhibits so strong a thigmotactic adhesion to 
the bottom of the watch-glass into which it is shaken that the fluid 
may be poured off or drawn into a pipette without loosening the hold. 
If the animals are loosened with a camel's hair brush or a shred of 
blotting-paper, stirred into the solution and then drawn into the pipette, 
they adhere to the inside of the pipette unless the fluid is blown out 
very quickly. This tendency involves the loss of a large proportion of 
individuals at every transference from one solution to another, and 
‘necessitates a large supply of material if successful experiments are 
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to be made. The solution of this difficulty will probably be found in 
the application of both chemotactic and galvanotactic tests in ‘Me 
watch-glass, 

In the second place it shows a very marked tendency to swim to 
the extreme edge of the solution and even beyond, dragging a thin film 
of salt-solution with it. Here it stays until killed by dehydration, due 
to the concentration of the film of salt-solution by evaporation. This 
tendency is probably due to the attraction exerted on this species by 
strong solutions of NaCl. If the end of a capillary containing 5°/, NaCl 
be introduced into a group of these animals in the watch-glass, the 
mouth soon becomes surrounded with a swarm and ultimately plugged 
by a mass of the creatures. It must, however, also be mentioned that — 
this attraction to the edge of the solution is seen, to a very marked 
degree, only in such specimens as. show attraction to alkalis; that it is 
soon corrected by the action of a markedly alkaline solution; and that 
it is not seen in a markedly acid solution. It seems therefore to be 
~ connected with attraction to alkali as well as to sodium chloride. The 
reactions after treatment with markedly acid and alkaline solutions 
have therefore been studied with success, the species exhibiting marked 
attraction to alkali and the kathode in the former, to acid and the anode 
in the latter case. It is in studying the reaction after treatment with 
weaker and neutral solutions that the difficulty becomes serious and 
has, hitherto, prevented satisfactory observations. Experiments made 
by shaking the animals direct from a freshly-killed frog’s duodenum 
into such solutions on the slide, or in the stimulation trough, usually 
indicated the existence of a diphasic reaction to both kinds of stimuli— 
attraction to weak acid or the anode of a weak current, and to stronger 
alkali or the kathode of a stronger current. Experiments in which the 
animal was left for a few hours in such solution also indicated that it 
was peculiarly resistant to their action—a specimen which showed 
attraction to the kathode and to alkali when first shaken into slightly 
- alkaline saline exhibiting the same reactions after an hour's treatment, 
while faintly acid saline produced no greater effect on a specimen 
showing a previously developed attraction to acid and to the anode. 
Stronger solutions act on it, apparently, with a rapidity out of proportion 
to the greater percentage of free acid and alkali. The following records 
of experiments with two different specimens illustrate this point. 

Exp. Balantidium duodeni from duodenum of a freshly-killed frog 
shaken iuto laboratory saline. Resulting reaction Gintinetly alkaline. Left 
for an hour and tested with current of eight cells. . 
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Result—distinct collection at anode (Fig. 32). 
Salt solution made faintly acid with H,SO, and left for one hour. Tested 


with eight cells. 


Result—collection still at anode. 

Solution made markedly acid by addition of about j, of ite volume of 
‘1°/, H,SO,. Left for 10 minutes. 

Tested with eight cells, 

Result—rapid collection at the kathode. 


52 
Fig. 82. Galvanotaxis of Balantidium duodeni. Moderately alkaline medium. 


Such an experiment by itself might indicate that there was a critical 
reaction for Balantidium duodeni at a certain stage of acidification. 
There are experiments however in quite the opposite direction, as the 
following :— 


Exp. Balantidium duodeni shaken into laboratory saline. Resulting 
reaction weakly alkaline. Tested with current of 3, 5, 8 and 10 cells. 

Result— collection at kathode in every case. 

Left for four hours and again tested with a result indistinguishable from 
the previous one. : 

This specimen tested in the watch-glass with capillaries containing 
‘1°/, H,8O, and ‘8°/, NaOH. Considerable number enter alkaline tube ; 
none in the acid, even after leaving for several hours. 


The diphasic reaction to solutions is seen in the experiment repre- 
sented in Figs. 33 and 34, in which B. duodeni shaken from the 
duodenum of a stale frog into neutral saline was tested with solutions. 

These represent, respectively, the reaction to solution containi 

015 °/, H,SO, and -012°/, NaOH, and ‘1°/, H,SO, and 08°/, NaOH. 
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It will be seen that in the former case attraction to the acid occurs, in 
the latter to the alkali. 


FIG 


Figs. 33 and 34. Chemotaxis of Balantidium duodeni from a stale frog. 
Neutral medium. Weak test-solution. 


In a species so resistant to the action of reagents it seems doubtful 
whether this attraction to stronger alkali can be explained by immersion 
in weak acid, such as is brought about during the preliminary attraction 
to acid, which appeared in the experiment represented in Fig. 36 before 
the final collection at the alkaline tube. It appears, rather, as if there 
were indeed attraction in the case of weaker solutions to the acid, in 
the case of stronger to the alkali under the same conditions—viz. when 
the animal is examined in neutral solution. Such an idea is borne out 
by the observation, for a long time puzzling, that, with a moderate 
current, addition of weak acid to the solution, into which the animals 
are directly shaken and tested at once, increases the attraction to the 
anode, while addition of stronger acid causes a reversal of effect, 
attraction to the kathode appearing. ‘I'his result may be due simply 
to the different initial reactions of the successive specimens used, but 
its regular appearance whenever the experiment was made seems to 
point to another origin. I hope to follow the question further as soon 
as an opportunity of obtaining Balantidium duodeni in quantity presents 
_ itself. The following is a typical experiment of this kind. 


Exp. Balantidium duodeni, from a stale frog, shaken directly, from 
successive small pieces of duodenal wall, into solutions of increasing acidity in 
the stimulation trough and tested with a current from six cells immediately. 
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Results, (1) Neutral solution—no effect. | 
(2) -005°/, HCl—collects at anode in about five minutes. 
(3) -01°/, HCl—collects at anode in about five minutes. 
(4) -015°/, HOl—collects at anode in about three minutes. 
(5) -02°/, HCl—collects closely at kathode in about two minutes, 


Reversal of current was not tried in this case, since the essential 
feature of the experiment is the application of the test before the 
solution has time to affect the condition of the animals. Results of a 
very similar nature were obtained when alkaline solutions of increasing 
strength were used, the change from anodic to kathodic attraction 
taking place in this case when the strength of alkali passed a certain 
point.. The effect produced by the solution as, so to speak, an addition 
to the external stimulus can be distinguished from its effect, after - 
longer action, on the animal’s condition, as in the following :— 


Exp. Bal, duodeni shaken directly into 016°/, NaOH in the trough ~ 
and current made immediately. Collects rapidly at the kathode. Current 
allowed to run. After some minutes movement away from the kathode sets 
in and collections are now formed in the anodic corners. 


The diphasic reaction in nearly neutral solution is exampled in the 
following :— 


Exp. Balantidium duodeni shaken into pure NaCl -6°/, and rae with 
varying strengths of current. 
3 cells—anode. 
6 cells—anode. 
12 cells—anodic collection witek passes off in two minutes and is replaced 
by kathodic. Reversal of current—pass over at once to new kathode. 


It may be provisionally suggested that the immediate effect of acid 
or alkali added to the solution in these cases is to intensify the effect 
of anode or kathode, causing in the one case anodic repulsion, in the 
other kathodic attraction to appear at a lower strength of current than 
when the experiment is made in a solution of weak reaction. This 
would be expected if the view is adopted that the diphasic reaction 
really indicates attraction to weak acid or the anode of a weak current, 
and to stronger alkali or the kathode of a stronger current. 

If this is so we are probably justified in supposing that the diphasic 
reactions of the other species of Balantidium have a similar origin—a 
supposition which would tell strongly in favour of the theory that the 
chemotaxis to acids and alkalis and galvanotaxis in salt solutions are 
closely related phenomena, a point to which we may return later. 
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More careful experiments on Balantidium duodeni are necessary, 
however, before decision on this point is possible, and for the present it 
must be sufficient to have pointed out the general and, in most cases, 
striking parallelism between the two classes of reaction as exhibited by 
_ different species under varying conditions. 

The question as to the meaning of the difference in reaction between 
the various species remains untouched. It may be doubted, for example, 
whether the prevalence of the acid-seeking condition in Opalina, as 
compared with Balantidium elongatum, means more than that the 


Balantidium is much more resistant than is Opalina to the action of. 


alkaline media, The important point for our present purpose is that the 
difficulty of producing the acid-seeking state is closely paralleled by 
- difficulty in producing the anode-seeking state, and that an individual 
which exhibits the one reaction always, as far as can be seen, exhibits 
_ the other. Theoretical considerations as to the possibility of explaining 
the one class of phenomena in terms of the other may be postponed 
until experimental results of another kind have been described. 


IV. CILIARY ACTION UNDER THE INFLUENCE OF | 
CHEMICAL AND ELECTRICAL STIMULI. 


The changes produced in the ciliary action of Paramecium and 
other forms by mechanical and chemical stimuli have been described 
by Jennings™. He describes a reversed stroke of the cilia of 
Parameecium on contact of its anterior end with a foreign body or a 
repellent chemical stimulus, followed by reversed striking on the aboral 
side only, the result being that the animal swims back from the stimulus 
and then rotates towards the aboral side, and swims away in a new 
direction. This is termed a “ motor reflex,” and reactions of a similar 
_ type are described in other species. 


The changes produced by the current in the motion of the cilia ~ 


have been described by Ludloff® in Paramecium, and by Pearl® in 
various other species, The general result obtained is that, after a 
more or less prominent “motor reflex,” or attempt to turn from the 
kathode, the animals are orientated in the lines of current by the action 
of the cilia, which strike forwards on the kathodic, backwards on the 
anodic side (distinguished, by Pearl, from the ‘motor reflex” as 
“forced movement ”). 

The animal then, with its cilia striking in the directions represented 
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diagrammatically i in Fig. 35, moves to the kathode, for reasons ‘which 
are not too clear. 


+ 


FIG 


the current. (After Ludloff.) 


It is suggested by Ludloff that the backward-striking cilia on the 
anodic side are more effective because the cilia are striking in the 
normal direction. In a few repetitions of these experiments I was able 
to see the effects described by these observers. 

All experiments hitherto having been made with species inhabiting 
water and tested in that medium, it seemed worth while to examine 
the ciliary action of species tested in salt-solutions. Observations were 
made on Opalina and, with somewhat less success, on Nyctotherus. 

For stimulation with the current, Opalina and Nyctotherus were 
prepared in a weak solution of gelatine, resembling that used by other 
observers (Pearl, Jennings, Ludloff, etc.), except in that the solution 
was made in °6°/, saline instead of in water. Three grammes of gelatine 
dissolved in 100 c.c. of laboratory saline was found to give a medium of 
the required consistency. A weaker solution did not sufficiently restrain 
the movements for observation with high objectives, while in a stronger 
solution the delicate Opalina was liable to become fixed in a wrinkled 
and contorted position from which it could not extricate itself. The 
jelly was warmed very gently in a watch-glass until it just melted; a 


~ drop of solution containing as large a number as possible of the required 


species was mixed with it; and a drop was then placed on a slide 


_ provided with electrode-holders, and covered with a slip before it had 


cooled. The current was led under the coverslip by applying the 
brushes of the electrodes directly to its opposite edges, or by applying 


_ them to slips of blotting-paper soaked in the gelatine solution and in 


contact with the solution under the coverslip. A current of 10—12 
cells was generally used. In a few cases a weaker current (6 cells) 
was used. 
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Opalina. Normal ciliary action. If Opalina, swimming freely in 
neutral or weakly alkaline saline, is observed under a moderate power 
of the microscope (e.g. Zeiss ©), it can be seen that the ciliary motion 
takes the form of a series of regular waves passing over the surface 
of the animal. This is described by Saville-Kent™. Under a high 
- power (} or 4 obj.) it can be seen that the waves pass in the same 


Figs. 36 and 37. Opalina. Two types of normal ciliary action. 


direction as the effective beat of the cilia. It can also be seen that in 
some individuals, which for the time being are swimming straight 
forwards, the waves pass directly backwards from the anterior to the 
posterior end of the animal (Fig. 36); in others, which show the more 
characteristic rotatory motion, the waves pass obliquely across and 
backwards, from the more curved to the less curved lateral edge 
(Fig. 37). 

The waves pass in the direction of the plain arrows, motion of the 
animal taking place in the direction of the feathered arrows in the 
figures. 

Effect of chemical stimuli. If the animal, as it swims, comes into 
contact with an obstacle, or a repellent stimulus such as a solution of 
alkali, it responds with a motor reflex similar to that described by 
Jennings™ in Paramecium and other forms. There is a momentary 
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reversal of all the cilia, which strike for about $a second towards the 
anterior end and drive the animal backwards, and it then turns quickly 
in the normal direction of rotation—.¢, towards the more curved edge— 
the turning being accelerated by continuance of the forward stroke by — 
cilia on the more curved side, those on the straighter side resuming the 
normal backward stroke (Figs. 38 and 39), As it rotates, the cilia along 


\ 


F/G SO 
SB 


Figs. 88 and 89. Effect of a stimulus on the ciliary action of Opalina. 


the curved edge cease to strike forwards, oblique waves, starting from 
the curved edge, reappear, and either continue to cause rotation, or 
come to start from points nearer and nearer to the anterior end until 
they start actually from that end and pass directly backwards (Fig. 36), 
so that the animal swims away from the stimulus. 

On the other hand, when the anterior end of an Opalina, in alkaline 
solution, comes into contact with weak acid diffusing from a capillary, 
the oblique waves show a tendency to pass more directly backwards 
and bring the animal nearer to the point from which the diffusion 
starts. Contact of the lateral edge with acid seems to cause acceleration 
of the oblique waves causing rotation, until the anterior end is in the 
acid, when the waves pass directly backwards. 
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Effect of the current. If an Opalina is observed which is revolving | 


with oblique waves of cilia before the current 
is made, it can be.seen that at make of sj es 
current there is no very obyious reaction, 
except in the case of a specimen which 
happens to be pointing towards the kathode, 
in which case the action resembles that seen 
on reversal of the current (vide infra). | 


From any other position the animal con- 
tinues revolving and passes towards the anode- 
pointing position. As it approaches this the 
waves begin to pass more and more back- 
wards, until they pass directly backwards 
when it reaches the anode-pointing position, . 
so that it moves straight forwards towards Fig. 40. Ciliary action of 
the anode (Fig. 40). _ Opalina during anodic 

The intermediate stages can be more garenmotexis, 
satisfactorily studied by observing the behaviour at reversal of the 
current. 

If, while the animal is in the anode-pointing position, the current is 
reversed the first effect has all the appearance of a stimulus to the 
anterior end, viz. a momentary reversal of the ciliary action driving the 
animal backwards from the new kathode (Fig. 41,1.) Then, while the 
cilia on the more curved side continue to strike forwards, those on the 
side of lesser curvature resume their backward stroke (Fig. 41, 11). 
The animal is by this action rapidly rotated into a position transverse 
to the current. As it comes into this position the direction of the 
ciliary waves changes so that they now start from a point on the more 
curved edge, nearer the anterior than the posterior end, and pass 
obliquely forwards and backwards (Fig. 42,1.) This action necessarily 
causes continued rotation in the same direction, and, as before, as the 
animal approaches the anode-pointing position the point of origin of 
the ciliary waves shifts to the anterior end, so that, when the animal 
has come into line with the lines of current, the waves again 199 
directly backwards (Fig. 42, 1.). 

It will be noticed that there is (Figs. 42, 11. and 40) a small part of 
the kathodic end of the straighter edge where, in the anode-pointing 
position, the cilia strike forwards. This probably neutralises a slight 
tendency to rotation caused by very slight obliquity of the main ciliary 


waves. It is clear from the above description that rotation of the 
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anterior end to the anode at closure of current always takes place 
in the normal direction of rotation of the unstimulated animal. If, 
while a weak current is passing, the anterior end is carried, by 
spontaneous rotation, past the anode-pointing position, the animal 


FIG 


) 
(1) 


Ciliary action of Opalina. (Anodic galvanotexis) Changes at reversal of current. 


returns to that position, not by rotating back towards the less curved 
edge, but by completing the revolution, in the course of which it goes 
through all the stages of ciliary motion corresponding to its positions, 
including a brief movement directly backwards as it comes into the 
kathode-pointing position. 

Nyctotherus. The study of the ciliary motion of Nyctotherus is 
slightly complicated by the fact that the ciliation is not, as in the case 
of Opalina, uniform. The animal, indeed, is ciliated over its whole 
surface, but the cilia appear to be most strongly developed round the 
edge of the flattened body. Besides this general ciliation there is 
a row of very large and powerful cilia, the adoral cilia, developed along 
the edge of the peristome field.and continued, as the pera sti 
to the bottom of the pharynx. 


| 
a 
\¢ 
a 
8, | 
¢ 
\ 
FIG ALT I 
4 
{ 
1} 
| 
A q 


GALVANOTAXIS AND CHEMOTAXIS. 341 


Normal ciliary action. As the animal swims ordinarily the stroke _ 
of all the cilia appears to be towards the hinder end. This fact is 
obscured when examination is made with a low power by the fact that 
the waves of motion of the adoral cilia pass in the opposite direction to 
the effective stroke, viz. towards the anterior end, and even appear 
to be continuous round the anterior end with waves passing along the 
cilia, of the convex surface, which may conveniently be called the dorsal 
cilia, Examination with a high power reveals the fact that the 
effective stroke ‘is always to the 5 sauces end (Fig. 43). 3 
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‘Figs, 48 and 44, Normal ciliary action of Nyototherus. 
When the animal is moving, free from any constraining influence, 
in an alkaline solution, it rotates constantly towards the dorsal surface. 
This rotation is brought about, apparently, by the comparatively weak 
action of the dorsal cilia and by the addition of the effect of the 
: powerful adoral cilia to that of the ventral ciliation. Also, somewhat 
24—2 
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irregular waves may be seen passing obliquely across the lateral surface 
from the dorsal to the ventral edge. The motion as a whole is 
irregular, the rotation giving way at intervals to motion straight 
forwards, in which circumstances waves of ciliary motion can be seen 
to originate at the anterior end and pass straight backwards over the 
whole animal (Fig. 44). 

Under such conditions a tendency to strike forwards is shown by 
the cilia behind the pharynx on the ventral edge (Fig. 44), which assist 
in neutralising the rotatory. tendency produced by the stroke of the 
adoral cilia. 

Another type of movement, referred to before, is that in which the 
body is kept in a certain fixed direction by balanced movement of 
ventral and dorsal cilia, while the general body ciliation propels the 
animal in the direction towards which the dorsal, or the ventral surface 
is directed (Fig. 13). 

Effects of chemical stimuli. These were less definite than in the 
case of Opalina. Nyctotherus, in alkaline solution, aggregated at the 
mouth of a tube from which weak acid was diffusing still exhibited 
the general tendency to rotation towards the dorsal surface. Indi- 
viduals which had left such a collection could, however, be seen to 
return to it by movement straight forwards with the second type of 
ciliary motion described above. The third type, in which motion of 
transference is at right angles to the longest diameter, has already been 
described as produced by the repulsion of the animal from the stronger 
alkaline test-solutions, 

Effects of the current. The movements of Nyctotherus are obviously 
more complex than those of Opalina, and there is a corresponding 
variation and complexity in its reaction to the current. 

Before stimulation with the current Nyctotherus was kept for 
48 hours in a very weakly alkaline salt-solution. Under such con- 
ditions about 90°/, showed unmistakable attraction to the anode. Of 
these some moved directly towards the anode, being orientated in the 
lines of current; others set themselves across the current, moving 
transversely and in most cases to the’ right, with the mouth turned 
towards the kathode, moving at the same time towards the anode, to 
which the dorsal surface was directed; others again moved very slowly 
to the kathode, with transverse motion, and occasionally rotated into 
the anode-pointing — and moved, for a space, —— towards 
the anode. 


The few moved. straight, with orientation in 
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of current, to the kathode. Such a preparation, then, gave an op- 
portunity of examining the ciliary action causing all the varieties of 
response described in this species. All except a small proportion 
collected ultimately at some point of the anodic side of the coverslip, 
except such as, reaching the lateral edge too soon, were caught there in 
the gelatine concentrated by evaporation. 3 
These various types of movement can be reduced to two types of — 
ciliary action, as follows : < 
(1) Motion to either pole with orientation in lines of current. At 
make of current the dorsal cilia, which were striking weakly in a 
backward direction, strike powerfully forwards and the animal rotates 
rapidly in an aboral direction (Fig. 45, 1.). As it approaches the 
required position the dorsal cilia begin striking backwards again and 
their stroke gets stronger, while waves begin to pass, from a point near 
the anterior end, over the general ciliation (Fig. 45, 11.), and, when the 
animal has reached the position of orientation, pass directly backwards 
so that it moves forwards towards anode or kathode, as the case may 
be (Fig. 46). 
The post-pharyngeal ventral cilia may usually be seen to strike 
forwards in this position. 


At reversal of current the dorsal cilia again strike forwards and — 
rotate the animal into the opposite position. Rotation thus always 
takes place in the normal direction of rotation of the unstimulated 
animal. 


fig #544) 
Effect of current on ciliary action of Nyctotherus. (Anodic galvanotaxis.) 


(2) Transverse orientation. This differs from the above reaction 
only in that the forward stroke of the dorsal cilia ceases and becomes 
replaced by a backward stroke as the animal comes into position 
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transverse to the current. The rotation is again always in the aboral 
direction and always brings the animal into the position in which its 
mouth is directed to the kathode. As stated above, in the majority of 
cases this means that the anterior end of the animal is directed to the 
right of the positive stream, in a minority to the left. 

There is, apparently, no regular wave movement of the general body 
cilia to be seen under these conditions: as a rule, after the treatment 
described the general tendency was to strike effectively towards the 
mouth and drive the animal slowly towards the anode, while the 
marginal and adoral cilia drove it to the right (or left) of the current 
(Fig. 47). In a few cases the tendency was to strike towards the 
dorsal margin and drive the animal slowly towards the kathode; in 
such cases there was usually a periodic reversal of the dorsal cilia, 
bringing the animal round with the anterior end towards the anode, 


FIG FZ 


Fig. 47. Effect of current on ciliary action of Nyototherus. 
(Transverse orientation.). 


towards which it moved for a time with ciliary motion of type (1), and 
then, by another reversal of the dorsal cilia, completing the aboral 
revolution, resumed the transverse and slow kathodic movement, 
ultimately arriving at the lateral edge of the coverslip somewhere 
on the anodic half of that edge. At reversal of current a transversely 
set individual rotated into the opposite transverse position by exactly 
the same process of reversal of dorsal cilia and aboral rotation. 

One other phenomenon only needs mention. A Nyctotherus which 
had travelled directly to the anodic edge of the coverslip, arriving 
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there and entering the zone where the solution was becoming con- 
centrated by evaporation, frequently turned round and swam for a 
short distance directly towards the kathode, and, if the current was 
reversed while it swam in the marginal zone of concentration, turned 
in the normal manner and swam towards the new kathode, where the 
dehydrating effect of the solution rapidly killed it. 

This will be referred to later in discussing the effect of hypertonic 
solutions. 

There is evidently a very close correspondence between the ciliary 
response of Opalina and Nyctotherus to stimulation with acid and 
alkaline solutions and to the current respectively, the correspondence 
being of such a nature as to suggest that on the anodic side of each 
animal an e‘fect is produced similar to that of contact with acid, on the 
kathodic side an effect similar to that of contact with alkali. There 
are differences, of course, but these are of such a nature as may easily 
be accounted for by the different conditions of experiment. | 

In the first place it can seldom happen, under the conditions of 
experiment with test-solutions, that opposite ends of the animal are 
simultaneously stimulated by alkali stronger than the general medium 
and by acid respectively. 

In the second place it can never happen that such a double stimulus 
follows the course of the animal as it swims, so that its opposite ends 
continue to be bathed with acid and alkali. If such an arrangement 
could be made it is natural to suppose that Opalina, for example, would 
swim straightforwards with its anterior end always in the acid and its 
posterior end in the alkali; just as, under the influence of the current 
it swims straightforwards with its anterior end directed towards the 
anode, and its posterior towards the kathode. | 


V. MODIFICATION OF GALVANOTAXIS BY CHANGES IN 
CONCENTRATION OF THE MEDIA. 


Having seen that there is a correspondence between the action of 
acid and alkaline solutions and that of the current on forms examined 
in salt solution, it is natural to enquire whether the same holds good of 
the species examined in more or less pure water. It is at onve evident 
that such is not the case. Jennings™ found that Paramecium 
exhibited a tendency to collect in acid and to swim away from alkali, 
much like that which I observed in the case of the alkalinated Opalina ; 
but the many observers who have worked with Paramecium have all 
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described its marked attraction to the kathode. In Colpidium the 
attraction to the kathode is as marked, and I have found it to exhibit 
an attraction to a tube of acid considerably more marked than that 
shown by Parameecia in the same solution (Fig. 48). 


Al 


Fig. 48. Chemotaxis of Paramwcium and Colpidium. 
Fig. 49. Chemotaxis of Nyctotherus in tap-water. 


In these circumstances it is natural to suggest that the difference is 
due to the medium in which the animals are tested with the current. 
Nyctotherus and Opalina were therefore tested in ordinary tap-water, 
and Colpidium and Parameecium in salt solutions. — 

The testing of Opalina in tap-water is made difficult by the rapidity 
with which it dies in such a solution. Vigorous specimens may, 
however, be kept quite long enough for the application of the test. 
The Opalinz are obtained preferably from a stale frog, in which case 
their activity is greater and their attraction to the anode, in salt 
solution, more certain than when they are taken from a fresh frog. 
When taken from a fresh frog a specimen was first tested in salt 
solution to make certain that it showed the anodic tendency under 
such conditions. Such specimens were shaken into tap-water, left 
for about two minutes and tested with a current from 3, 6,9 and 12 


cells. In all cases Opalina then swam directly to the kathode at closure 


of the current. If a weak current was used and allowed to run for 
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some minutes a tendency to swim away towards the anode appeared, 
but the death of the animal soon put an end to the experiment. 

Nyctotherus lives for many hours in tap-water and retains its 
activity, though distilled water is rapidly fatal to it. Nyctotherus was 
shaken into the tap-water of the laboratory, of which the reaction is 
slightly alkaline, washed repeatedly, and left in clean water for two 
hours. At the end of this time, tested on the slide with solutions, it 
showed distinct attraction to the acid (Fig. 49). 

Tested with the current it reacted in a manner of which the 
following record is typical : 


Exp. Current from— 

3 cells—immediate passage to kathode, with orientation in lines of 
current. After about two minutes, collection at kathode begins to break up 
and animals swith one by one to the anode, where ultimately all collect. If 
current is reversed they now pass, after a latent period of a few seconds, over 
to the new anode. — 

6 cells—very similar reaction. 

9 cells—very similar reaction, but movement to anode begins later. 

12 cells— ,, = » but movement to anode begins later still, 
after five minutes’ latent period is accompanied by marked transverse orienta- 
tion and movement to right of current, and takes place very slowly, giving 
the impression that animals are swimming against a resistance. If, when 
tendency to move away from the kathode has appeared, current is reduced to 
three cells, all pass over rapidly to anode’. 


It seems then, that, after a latent period, alkalinated Nyctotherus in 
water does show the ordinary tendency to the anode, but that this is 
preceded by a very rapid collection at the kathode, which must 
presumably be due to some factor which is not present when the 
_ process is observed in salt solution. Whatever this factor may be it 
produces an effect which differs from any of those seen in salt solutions 
in the rapidity with which it causes the animals to collect at the 
kathode. It most nearly resembles the collection at the kathode of 
Nyctotherus after prolonged treatment with acid. If it “has any 
relation to this phenomenon—being due, for example, to a previously 
developed acidity which the very weak alkalinity of the tap-water was 
unable to correct—it ought to be —— by artificial acidification 
of the animals. 

To test this point Nyctotherus was left for 10 minutes in tap-water 


1 Cf. Carlgren’s description of the behaviour of Volvox (p. 293). . 
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coloured with litmus and made acid by addition of several drops of 
‘2°/, HCl. Tested now with the current, Nyctotherus no longer 
exhibited the very rapid passage to the kathode, but moved slowly to 
that pole, and with transverse orientation, as in salt solution. This 
effect cannot be due to a change in the condition of Nyctotherus, since 
such change as could be produced by stay in this solution has been 
proved to increase its attraction to the kathode. The conclusion seems 
irresistible that this effect of adding acid to the water is due to the result- 
ing increase in electrical conductivity. The justice of this conclusion can 
be tested by the converse experiment of testing in salt solutions forms 
which have hitherto been shown to exhibit the kathodic attraction 
when examined in water. Such experiments were made with Colpidium 
and Parameecium. 

(a) Colpidium (?colpoda). This form is rather delicate and 
undergoes dehydration too quickly in °6°/, saline to allow a satisfactory 
experiment to be made. In ‘4°/, saline it lives for some time and 
retains its activity, and in this solution the experiments were made. 


A measured volume of a culture thick with Colpidia was drawn from 


the jar, and to this, in a watch-glass, was added twice its volume of °6°/, 
saline with vigorous stirring. After a few minutes the stimulation- 


trough was filled with this mixture and a current passed from six cells. — 


There was still to be observed a trace of that-orientation towards the | 
kathode, so marked in this species when examined in water, but the 
movement was not forwards to the kathode, but backwards to the 
anode, where the Colpidia formed a collection. 

(6) Paramecium aurelia; of which large well-fed specimens were 
used, showed considerably greater resistance to the action of salt 
solutions, and could be examined in ‘6°/, saline without difficulty. To 
a measured volume of a Paramecium culture was added 4 vols. of ‘75°/, 
saline.- In such a solution this large and rapidly swimming form 
showed an entirely different reaction to that seen in water. Such ~ 
individuals as, at closure of current, were swimming with the anterior 
end towards the kathode appeared to move backwards from it for a 
short distance and then to turn round and swim to the anode—a 
reaction which recalls in a striking manner the “ motor reflex ” described 
by Jennings as occurring when the anterior end comes into contact 
with an alkaline solution. Those which were swimming towards the 
anode swam straight on in that direction. The reaction was in no case 
marked ; an individual which had reached the anode often swimming 
back part of the way to the kathode and then again turning. Further 
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experiments are necessary before the varieties of response can be 
classified, but the important points for the present discussion are : 

(1) that there is no ‘orientetion towards and passage to the kathode 
as in water ; 

(2) that the effect of the current tind very weak one; 

(3) that the general tendency is to swim towards the anode. 

It may be noted that Pearl describes Colpidium as turning sharply 
from the kathode at break of cwrrent. 

Loeb and Budgett™, who describe the anodic tendency of 
Parameecium in salt solution, attribute it to the habit of swimming 
backwards which the animal exhibits in such a solution. This I have 
_ observed, though the tendency is by no means so constant as I had 
been led by their description to expect. 

For the present it is sufficient to point out that these experiments 
on Paramecium and Colpidium confirm the conclusion that nearly all 
the phenomena described, hitherto, as galvanotaxis are conditioned by 
the electrical resistance of the fluid in which the experiment is made, 
disappearing, or being replaced by quite different reactions when the 
resistance is weakened by the addition of electrolytes. 

We now pass to experiments of a different kind, made to determine 
the effect of increasing the proportion of electrolytes in the solution 
above that which was found necessary to cause a correspondence 
between chemotactic and galvanotactic reaction. At present experi- 
ments have been made only on Opalina and Nyctotherus. The 
difficulty of keeping the animals alive for any time in a hypertonic 
solution is considerable. In solutions of strengths up to 1°/, NaCl 
they live for some time, but above that strength dehydration becomes 
rapid. Nyctotherus, curiously, while very resistant to the effect of 
hypotonic, is affected almost as rapidly as Opalina by hypertonic 
solutions. It was found impossible, therefore, to make preparations 
in solutions of accurately adjusted strength. If the animals were . 
shaken directly into a solution of a strength above 1°/, NaCl they. 
died very rapidly, and a method was therefore adopted which allows 
only an approximate determination of the strength, but at the same 
time enables one to be sure that the solution is hypertonic, and which 
gives well-marked and characteristic results. The following are the 
details of the successful method. 

Opalina and Nyctotherus were shaken into a watch- containing 
neutral saline and to this was added several drops of ‘08 °/, NaOH. 
The resulting alkaline solution was left for an hour and then tested in 
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the trough, to make certain of the anodic collection of both forms. 
They ‘collected at the anode with about equal rapidity. The trough 
was now left for 10 minutes in a dish with a shallow layer of 
1°5°/, NaCl. It was taken out and carefully filled with fresh solution ~ 
of this strength. Opalina and Nyctotherus, in the alkaline ‘6°/, saline, 
were drawn into a fine pipette and allowed to collect by gravitation 
near the nozzle of the latter. A small drop of ‘6 °/, saline containing a 
large number of both species was carefully blown into the 1°5°/, saline 
in the stimulation trough. In the middle of this drop they rapidly 
formed a cluster. A current of 10 cells was now made. On such 
individuals as remained in the middle of the drop it appeared to have 
little effect, repulsion from the strong saline being presumably more 
powerful: occasionally, however, a Nyctotherus, swimming rapidly, 
would pass the edge of the drop and come into the 1°5°/, saline.: It 
immediately turned towards the kathode and swam at a moderate pace 
towards that side of the trough. By stirring with a needle the small 
drop of °6°/, saline was now completely mixed with the 1°5 °/, solution 
filling the chamber, and the animals scattered into the solution. Both 
Opalina and Nyctotherus showed an unmistakeable attraction to the 
kathode; Nyctotherus, which had retained its vigour better in the 
alkaline solution, swimming rapidly to that side of the chamber and | 
forming there a collection. Reversal of current caused movement 
towards the new kathode. 

Experiments were also made with the oliject of determining, if 
possible, the point of concentration at which anodic gives way to 
kathodic attraction. The method was necessarily rather a rough one, 
the trough being filled with solutions of pure NaCl of varying strengths, 
Opalina shaken directly from the rectum of a stale frog into the 
solution, and the current made at once. 


The following is the record of a successful experiment, but it must be 
stated that many experiments were tried with no appreciable result, owing to 
the rapid death of the animals. 

Exp. Upper end of rectum of stale frog, containing many Opalinew, cut . 
into small pieces, which were shaken successively in salt solutions of increasing 
strength, the trough in every case being first thoroughly saturated with the 
solution. Current of 3, 6, 9 and 12 cells used. 

In ‘6 per cent. NaCl—rapidly to anode with all a 

In I per cent. N to anode with current 
only. Weaker currents no appurent effect. 3 
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In 1-2 per cent, NaCl—no apparent galvanotaxis with any strength of 
current though animals remained fairly vigorous for some time after closure 
of current. 

In 1°3 per cent, NaCl—slight tendency to collect with 
currents. 

In 1°5 per cent. NaCl—more marked to 


As evidence of the really specific and not merely accidental nature 
of this phenomenon I may mention that I had a few minutes previously 
made the same experiment without the precaution of saturating the 
trough, before each observation, with the solution to be used, contenting 
myself with washing it in °6°/, NaCl after each experiment. I had 
then observed a distinct collection at the anode in (so-called) 1:2 */, 
NaCl, and no appreciable reaction in 13°/,, each solution being 
weakened by admixture with the fluid wetting the trough. The mere 
admixture of rectal contents probably weakens the ‘solutions to an 
appreciable extent, so that the real strength of the solution in which 
galvanotaxis can no longer be detected lies probably between 1 and 
1'2°/,, and possibly as low as 1°/, NaCl. 

In this action of a hypertonic solution we probably have the 
explanation of the anomaly mentioned earlier. Nyctotherus having 
swum to the anodic edge of the coverslip probably came into a zone 
where the solution had by evaporation become hypertonic. As there 
described it showed, in this zone, a reversed galvanotaxis, swimming 
now to the kathode when the current was made. 


VI. SUMMARY AND THEORETICAL CONSIDERATION OF RESULTS. 


We may summarise the results obtained in these experiments as 

follows : 
(1) The five species of parasitic infusoria examined exhibit, in 
physiological saline, chemotactic reactions to acids and alkalis, which 
are to a great extent parallel to the galvanotactic response to a constant 
current, attraction to acid being coincident with attraction to the anode, 
attraction to alkali with that to the kathode. 

(2) Both kinds of response can be modified by treatment of the 
organisms with acids and alkalis, the course of modification being such 
that the parallelism is maintained. 

(3) Collection in a solution or at an electrode, or repulsion from 
either, is brought about by certain definite and corresponding _—- 
of ciliary action. 
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(4) Examination in a solution containing a very small proportion 
of electrolytes introduces such modifications into the galvanotactic 
response as disturb the parallelism to chemotaxis and assimilate the 
galvanotaxis to that of the ciliates previously examined in water. On — 
the other hand, addition of electrolytes to the water containing such 
other ciliates eliminates the chief factor in their galvanotaxis, as 
hitherto described, and produces in their case the parallelism to 
chemotaxis. 

(5) Increase of the proportion of sek above the point. 
necessary to eliminate this factor weakens the galvanotactic response, 
which at a certain stage of concentration is inappreciable ; it reappears 
as the concentration is further increased, but is now in the opposite — 
direction—attraction to the kathode corresponding to attraction to 
acid. 

In dealing with these results the first point that calls for con- 
sideration is the nature of the disturbing element which enters into, 
and indeed forms in most cases the essential feature of galvanotaxis in 
water. The observations of Birukoff® naturally suggest themselves, 
in which it was shown that the collection at the kathode under such 
conditions could be imitated by the use of inert particles. Reuss 
and, after him, Jiirgensen™ described the movement of particles 
against the kataphoric stream and, therefore, to the anode: but — 
Quincke™ found that, with weak currents, the stream of water, close 
to the wall of the capillary containing it, carried the particles with it to 
the kathode, and Weyl, under the same conditions as those of 
Birukoff’s experiment, viz., with a thin film of water between a glass 
slide and a coverslip, and induction-shocks as current, found that the 
heavier particles only were carried to the anode, the lighter with the | 
stream of water to the kathode. There can hardly be any doubt, then, 
that under such conditions as those of Birukoff’s experiment, viz., 
with induction shocks and with a thin film of water between glass 
surfaces, Parameecia, like other light particles, would be carried to the 
kathode by the kataphoric stream. But, although the porous ends of 
the chamber used in most experiments on galyanotaxis will assist in 
the production of a uniform kataphoric stream, it cannot without 
further examination be assumed that the behaviour of inert particles 
will be the same as in Weyl’s and Birukoff’s experiments, and still 
less that the galvanotaxis of ciliates in water is entitely due to the 
same causes, Ludloff® attempted to dispose of this view of the 
physical nature of galvanotaxis by showing that the rate of movement 
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to the kathode was not proportional to the strength of the current, 
It must, however, be pointed out that, even on the supposition of a 
purely physical origin, such a proportional relation could not be 
expected, since Quincke has shown that there is an antagonism 
between the kataphoric action on water in contact with glass, etc., 
and the anaphoric action on particles in contact with water, the latter — 
predominating with strong, the former with weak currents. This 
of itself might sufficiently account for the decrease in the rate of 
movement to the kathode with increase of current beyond a certain 
optimum strength. Again, I have shown that this kataphoric element 
is eliminated by the addition of electrolytes to the water, as it would 
be if physical in origin. There is also a suggestive similarity between 
the orientation of the organisms along lines of current and the similar 
orientation demonstrated by Faraday and by Weyl in the case 
of inert, elongate particles, A closer inspection of the phenomenon 
precludes, however, the acceptance of so simple a physical theory of 
the nature of this kataphoric element of galvanotaxis in water. It 
has been shown by Ludloff and by Pearl that the orientation in 
lines of current is brought about by no merely passive rotation of the 
animal, but by a definite and constant modification of the ciliary 
movement. Further, with the strength of current employed in these 
experiments, and with an open trough, it is impossible, in my ex- 
perience, to detect a trace of orientating or kataphoric action on dead, 
or even sluggish infusoria, or on inert particles’, even in distilled water. — 
In view of the fact that this kathodic galvanotaxis, while dependent on 
physical conditions such as are necessary for the kataphoric action of 
the current, has, nevertheless, all the appearance of a truly physio-— 
logical effect, I would make a suggestion which has not, I believe, 
hitherto, been put forward. We may suppose that the galvanotaxis 
in water is a complex of at least two effects: the one, which still 
remains in salt solution, will be dealt with later: the other is the effect 
produced by the kataphoric stream of water, which, while it is often, 
under the conditions of experiment, too weak to produce appreciable 
effects of purely physical nature, may be strong enough to act as a 
stimulus to the organism, producing a tendency to swim in the 
direction of the stream. One cannot suppose that a force tending to 
drag the organism through the water to the anode would have any 
effect, as from a stream water to kathode. 
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Thus this supposition affords an explanation to the observation of 
Ludloff and others that, with very strong currents, Paramecium 
continues to swim violently towards the kathode while dragged back 


_ tawards the anode by the anaphoric action of the current. It. is 


sufficient to watch the behaviour of Paramecium, in water contained 
in a tall jar in which convection currents have been produced, in order 
to be convinced of its tendency to sei itself in the direction of flow and 
swim with a stream of water. Yet another effect of the current might 
- act as a stimulus producing this tendency to swim towards the kathode. 
I refer to the endosmotic effects produced in the protoplasm of the 
animal itself. A swelling at the kathode and shrinking at the anode 
_ was described by Du Bois-Reymond®, in 1860, in.a cylinder of 
egg-white, through which a current was passed. There cannot be 
much doubt that this purely physical phenomenon, due to the kata- 
phoric effect of the current on the water in the colloid cylinder, plays 
a large part in the so-called stimulating effects of the current on 
Rhizopods, and in the shrinkage of such a form as Paramecium at the 
anodic and its swelling at the kathodic end, described by Ludloff®, 
Loeb and Budgett™ and others as the effect of strong currents. 
Carlgren” has proved the essentially physical basis of these pheno- 
mena by producing them in dead Rhizopods and Ciliates. Never- 
theless, it would be possible to suppose that this process acted as a 
kind of mechanical stimulus, producing the swimming to the kathode, © 
were not the latter abolished by addition of electrolytes to the water, 
which, unless they diffuse quickly into the animal, should not interfere 
with this physical effect. 

We may leave, for the present, consideration of the details of ciliary 
action in water and turn to the effects of current on infusoria in salt 
solutions. It has been shown that, under these conditions, there is 
a close correspondence between galvanotaxis and chemotaxis; but, 
before considering the possibility of a common interpretation of the 


two classes of phenomena, the resemblance of the galvanotactic effects _ 


to the “electrical coagulation ” described by Hardy must be pointed 
out, According to his observations minute particles of proteid sus- 
perided in water move to the anode or kathode according as their 
reaction is alkaline or acid, the action becoming very slight as the 
reaction approaches the neutral point and being presumably nil when 
the reaction is absolutely neutral. Moreover, particles collected by the 
current at the anode there acquire a tendency to move to the kathode. 
The general result is suggestively similar to those which I obtained 
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with such a form as Nyctotherus, and the change of reaction caused by 
stay at one pole recalls the diphasic galvanotaxis of the various species 
of Balantidium supra. There appears, moreover, to be no evidence 
that the effects on minute particles would not be reproduced in the 

case of larger masses of proteid, provided that these were kept in 
suspension, as by ciliary action. 

But the view that the phenomena I have described are of such a 
nature seems untenable for the following reasons : 

(1) The exact dependence of anodic or kathodic galvanotaxis on 
alkalination or acidification was found only in the case of one species’, 
in which the chemotaxis showed a parallel dependence. 

(2) My experiments were made in a solution containing such a 
proportion of electrolyte as would probably abolish the physical effect. 
Hardy found that undialysed proteid showed considerably weaker 
effects than dialysed. 

(3) I have shown that the movements are due to definite actions 
of the cilia, which again correspond to those produced by chemical 
stimuli. 

(4) There appears to be no explanation, on this theory, of the 
reversed effect obtained by increase of the on of salt beyond a 
certain point. 

(5) There seems to be no reason why, if non-polarisable electrodes 
are used, the reaction of particles should be reversed by stay at a pole. 

Turning, then, to the possibility of explaining galvanotactic reactions 
in terms of chemotaxis, we find that such an attempt has already been 
made, by Loeb and Budgett®, in the case of Paramecium stimulated 
in water, They supposed that alkali is set free where the current leaves 
the water to enter the animal, acid where it leaves the animal to enter 
the water, The only evidence for such a view brought forward by its 
propounders is the supposed similarity between the effects produced at 
the hinder end of the animal by a strong current, on the one hand, and - 
by-immersion of the whole animal in strong alkali (‘1 per cent. NaOH) | 
on the other. We may leave out of account the drastic effect of such 
- a solution, which kills the animal in the course of a few seconds, and be 
content to point out that, if we admit that the body of Paramecium is 
composed of sensitive protoplasm, capable of conducting impulses and 


. 1 It would be possible, however, to explain away such a fact as the kathodic galvano- 
taxis of Balantidium elongatum after long treatment with weak alkali on the supposition 
that its protoplasm is normally acid and that the animal is very resistant to an alkaline 
medium. 
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contractions, this effect of immersion in alkali will serve equally well, 
or equally ill, as evidence in favour of the view that alkuli is liberated 
at the kathodie or anterior end of the animal. The point, however, is 
not worth further discussion in view of the fact that this appearance of 
a constricted tip or point (“ Zipfel”) at the hinder end of the animal 

has been demonstrated by Carlgren on the dead animal, and is probably. 
a purely physical effect. The possibility of galvanotaxis being due to 
alkali and acid liberated at the electrodes was discussed by Mouton”, 
who decided against such a view. His experiments, however, were 
made in water, in which case the galvanotaxis is obviously towards a 
pole where a repellent chemotactic effect might be expected. The 
experiments also differ from most other experiments on galvanotaxis 
in the important detail that metal electrodes were used. I have - 
attempted in vain to discover evidence of the liberation of acid and 
alkali with the non-polarisable electrodes used in my experiments. 
The brush electrodes were dipped into the two limbs of a U tube filled 
with ‘6 per cent. saline, to which phenolphthalein was added, and 
current from 12 cells was passed for 24 hours without the appearance 
of a trace of colouring at the kathode. No more effect was obtained 
when the current was passed in the usual way through salt solution in 
the stimulation-trough. Further, the action of the current on indi- 
viduals remote from the poles appears as quickly as on those in the 
immediate neighbourhood. If the electrodes are dipped into the 
solution at opposite sides of a watch-glass the effect on individuals 
in the middle of the glass appears a few seconds after make of the 
current, long before products liberated at the poles could possibly have 
reached them by diffusion. We are driven, therefore, to the conclusion 
that, if the liberation of ions is responsible for these phenomena, it 
must occur where the current leaves the solution to enter the animal 
and the animal to enter the solution; it must be, in fact, a case of the 
. polarisation at the common surface of dissimilar electrolytes described 
by Du Bois-Reymond™, Attempts have hitherto failed to detect, 
by the coloration of the medium with indicators, at which end of the 
animal acid, at which end alkali, is set free. In the absence of such 
experimental evidence it will be useful to consider which of the two 
possible conditions is the more probable. Hermiann™ proved, by 
experiment, that when a current passes from a weaker to a stronger 
solution of a given electrolyte there is a liberation of acid at the 
common surface, alkali being liberated when it passes in the opposite 
direction. If then we have a 7 of stronger between two — of 
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weaker solution of alkaline salt, when the current passes, acid will be 
set free where it enters, alkali where it leaves the stronger solution. 
Hermann gives a diagrammatic representation of the action, of which 
the following is a slight modification :-— 


OH-Na | | Cl-H OH-H OH-H...... 


He uses this observation to explain the fact that, even with non- 
polarisable electrodes, an acid taste is developed where a current enters 
the tongue, an alkaline taste when it leaves it ™. 

The decision, then, depends on the relative concentration in 
electrolytes of the protoplasm of Paramecium and the water which 
it inhabits. If the proportion of electrolytes in the water is greater, 
then Loeb and Budgett suppose correctly that alkali is set free where 
the current leaves the water. Direct evidence on the question is well- 
nigh impossible: one can only refer to such indications as that a dead 
Paramecium absorbs water from the medium, with the consequence 
that the protoplasm swells up. The same is true of the infusoria 
parasitic in frogs’ intestine when they die in ‘6 per cent. saline, albeit 
such saline appears during life to cause slight shrinkage rather than 
swelling. On the supposition that the proportion of salt in the proto- 
plasm is greater than that in the water my results at once become 
intelligible. Under these conditions acid would be set free at the 
anodic, alkali at the kathodic end of the animal, and this double 
chemical stimulus would follow the animal as it swam. We have 
seen that the results are just what might be expected on such a 
supposition, An QOpalina which became deflected from the line of 
current would have alkali set free along one ‘edge, acid along the 
other, with the result that it would tend to return to the anode-pointing 
position. In this position the waves of ciliary motion should pass 


straight backwards, as in fact they do, while make of the current when 


the animal points. to the kathode should cause forward striking of the 
cilia, succeeded by rotation into the anode-pointing position, which is 
also actually the case. Such differences as do appear between the two 
types of reaction are such as might be predicted from the facts that the 


animal can swim out of range of the solution diffusing from a capillary, 


while it cannot swim away from the stimulus caused by the current. — 
Such a supposition also accounts for the effect obtained by increasing 
the proportion of salt in the solution. When the proportion of salts 


becomes equal to that in the protoplasm no reaction should be observed. 
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A strength of solution was actually found in which Opalina appeared 
immune to the current, Further increase should cause liberation of 
alkali at the anodic, acid at the kathodic end, and we have seen that 
such increase caused kathodic galvanotaxis of Opalina and N yctotherus 
in the acid-seeking condition. 


Returning to the ciliary action in the forms examined in water, 


Ludloff® and Pearl® have described, and I have myself seen, a 
double reaction quite different to anything produced by solutions of 
acid and alkali. Here it may be again pointed out that the conditions 
are different. Not only on the ideas suggested above is the stimulation 
with acid and alkali simultaneous and persistent, but there is another 
element in the stimulus of such a nature that it keeps the anterior end 
directed to the kathode. The effect. of momentary contact of Paramecium 
with an alkaline solution is that reversal of the cilia drives it backwards 
out of reach of the solution, and there seems nothing unnatural in the 
supposition that continuous stimulation of the anterior end with alkali 
would cause a continuous forward stroke of the cilia on the anterior 


half of the animal. We can imagine, then, that the ordinary galvano- | 


taxis of Paramecium is a complex of two opposing factors—the rheotaxis — 


caused by the kataphoric stream, which causes orientation in the lines 
of current with the anterior end towards the kathode and augmentation 
of the normal backward ciliary stroke, and the chemotactic effect of 
alkali set free at the kathodic side and acid set free at the anodic side 
of the animal, which would cause, in a kathode-pointing individual, 
recession from the kathode, caused by forward striking of the cilia, 
followed by rotation into the anodic-pointing position. In water the 
former is the predominant factor, keeping the animal in the kathode- 
pointing position and so augmenting the ciliary action in the hinder 
part of the animal that the forward stroke of cilia at the anterior end, 
which may be regarded as the effect of alkali there set free, is 
overpowered, and the animal moves straight to the kathode. 

‘With the use of stronger currents the purely physical kataphoric 
effect. probably assists the passage to the kathode; and with still 
stronger currents the anaphoric effect may, as in Quin cke’s™ ex- 


periment, become predominant. The physiological effect—i.e. the effect. 


on the ciliary action—should, as already pointed out, be unaltered or 
intensified by this action: and Ludloff® has shown that the passage of 
the animal to the kathode may be slowed, or stopped, or it may even be 
dragged backwards to the anode, while the cilia wall leonitnas backwards 
on its posterior, forwards on its anterior half. 
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A difference must here be noted between the two effects, viz. 
that the rheotactic effect appears more rapidly and disappears more 
immediately with closure or break of the circuit. Paramecium or 
Nyctotherus in water turns to the kathode at make of the current with 
_ a searcely perceptible interval. In salt solution there is a latent period 
of some seconds before the effects appear, and they fade away, rather 
than cease suddenly, at break. It may be expected, then, especially if 
the second stimulus is of chemical nature, that, after break of current, 
it will be for a brief interval effective, uncomplicated by the rheotactic 
element. Pearl describes a break stimulus, viz. a quick rotation 
_ from the kathode. This is exactly what one would expect in the case 
of an animal, held by other influences towards a repellent stimulus, 
when the constraining force was suddenly removed. 

Addition of a small proportion of electrolyte may so weaken the 
rheotactic factor that, though the animal is still kept by it in the 
kathode-pointing position, the reversed cilia at its anterior end now 
drive it backwards to the anode. Such a condition was obtained 
when Colpidium was examined in ‘4°/, NaCl. Further addition may 
completely abolish the rheotaxis, in which case the galvanotaxis should 
consist entirely of chemotactic factors; and the experiments in ‘6 °/, 
saline give results which are readily interpreted on such a theory. 

A macroscopi¢ ‘inspection of the phenomena provokes the natural 
suggestion that attraction to a pole or a solution means inhibition on 
the side of the animal affected by either, while repulsion is brought 
about by unilateral stimulation. Such a theory was propounded by 
Verworn® as regurds current action, and further developed by Loeb 
and Budgett. The latter observers attributed the backward stroke of 
the cilia on the anodic part of Paramecium to alkali there liberated, 


‘the forward stroke on the kathodic part. to liberation of acid. A 


comparison with the observed effects of solutions on Paramcecium 
(Jennings) shows that acid leaves the normal backward stroke 
unchanged while the first effect of alkali is to cause forward striking 
of the cilia; so that, on their supposition, exactly the reverse of the 
effects observed might be expected. But, in any case, a study of the 
details of ciliary action, in salt solution, under the influence of either 
stimulus, shows quite clearly that, as was maintained by Schenck ™ 
in a criticism of Verworn’s results, the action is not localised or even 
unilateral, but is produced by a coordinated and, in some cases, 
complicated reflex involving all the body cilia. A reference to the 
description of the ciliary action of alkalinated Opalina in contact with 


‘ 
4 
fe 
¢ 
Ne: 
é 
‘a 
ty 
a 
> 
og 
4 


- solutions will make it clear that the effect of unilateral contact. with 
acid is no more inhibitory than that of unilateral contact with alkali. 
Both produce a coordinated reflex involving the cilia of the whole 
body, so that if the animal could be stimulated simultaneously with 
acid or alkali on opposite sides it would be practically impossible to 
discriminate the part played by each stimulus in the resulting ciliary 
reflex, one effect being in some sense the complement of the other. 
Equally impossible would it be in any particular case of galvanotaxis 
to attribute to changes at one pole or other of the animal the observed 
changes in ciliary motion. 

The correspondence between the effects of electrical and eheinival 
stimuli extends even to the effect of varying the strength of the 
stimulus. In the.case of alkalinated Opalina and Nyctotherus it was 
pointed out that acid above a certain strength had a repellent effect 
similar to that of alkali; if a current of more than a certain strength 
is used both poles seem to have a repellent effect, the animal swimming 
transversely to the lines of current towards the sides of the chamber 
where the density of current is less. The three species of Balantidium, 
again, showed a diphasic reaction to stimuli of both kinds. 

For the above theory no more is claimed than that it sista a 
convenient means of summarising the. results of these experiments, 
It emphasises the fact that many of the phenomena of galvanotaxis 
show a close correspondence with certain chemotactic phenomena; so 

close that the possibility of a common explanation is at least worth 
consideration. How far the theory in the form given above is adequate 
and justified, further experiment must determine. In the absence of 
present opportunity for such further experiment it has seemed desirable 
to publish the results obtained, with such proximate explanations as 
have suggested themselves. 


I have pleasure in recording my indebtedness to Mr W. B. Hardy 
and to Dr Langley for much kind help and advice. 


Addendum. In a recent paper Piitter™ has described, in 
Stylonychia and Urostyla, a reaction very similar to that I have 
given on p. 314. Individuals adhering by thigmotaxis to the glass 
bottom of the chamber, or to the surface film, are described as 
exhibiting, with moderate or strong currents, a transverse orientation, 
with the kathode to the animal’s left, precisely similar to that which 
I had observed in Nyctotherus, Free-swimming individuals exhibited 
the ordinary kathodic galvanotaxis of ciliate infusoria examined in 
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water, which will be discussed later. As mentioned above, Nyctotherus 
is conspicuous for its tendency to swim with its side applied to the 
floor of the chamber. 


(1) 


(2) 


(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
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THE ACTION OF ETHER AND CHLOROFORM ON THE 
CEREBRAL AND SPINAL NEURONS OF DOGS. 
Supplementary paper. By HAMILTON WRIGHT, M.D., 
Director of the Pathological Institute, Federated Malay States. 


In my first paper on this subject’, I showed that ether and chloroform 
produce in dogs and rabbits certain changes in the nerve-cells. The 
Nissl granules lose their affinity for methylene blue, and the cells 
present a rarefied or, in extreme cases, a skeleton-like appearance. By 
Cox’s method the dendrons-are found to present moniliform enlarge- 
ments. . These changes which I attribute to the bio-chemical action of 
the anwsthetic on the substance of the nerve-unit become more pro- 
nounced as the anesthesia is prolonged, and are more readily induced 
in rabbits than in dogs. The nerve-cells of dogs show little or no 
change until the anwsthesia has been prolonged for more than four 
hours. 

I now present five more experiments on dogs which sa iesaont 
and extend these observations. The object of these experiments has 
been twofold :-— 
| 1, To determine whether a still more prolonged period of anesthesia 
renders the changes more intense. 

2. To ascertain whether the pseudo-degenerative change is per- 
manent, by examining the tissues of the animals, after the anesthesia 
has passed off. 

I may briefly state at the outset, that the answer to the first 
question is in the affirmative, and to the second in the negative. 

The plan of the experiments was the same as in the former cases, 
Care was taken to prevent the body-temperature of the animals from 
au undue fall. The ‘return-time’ of the conjunctival reflex I take as 
an index of the depression of the neurons affected by the anzsthesia. 

The following table gives the duration of anwsthesia, the return- 
time of the conjunctival reflex, and the in each of 
the five animals. 


1 This Journal, xxv1. p. 80. 1900. 
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ey : Time of return of Minimum and 
Anesthetic conjunctival reflex maximum temp. 


Dog 1. Ether 8hours 14} minutes 97°101°5° F. 
bas 97°—102° F. 
Dog 4. Chloroform 8 hours iG, 97-3°—101° F. 


In these five animals, the anesthetic was administered for from 
2 to 3 hours longer than in any of my previous experiments; the 
return-time of the conjunctival reflex had increased from 5 to 5} 
minutes in the previously recorded 6 hours cases to 144—164 minutes. 

Dogs 1 and 4 were killed while the animals were still under the 
influence of the anesthetic, in order to test the first question I had set 
myself to answer. The other three dogs were allowed to recover from 
the anzesthetic, and killed at later periods, in order to test the second 
question. 

Brains and cords were as before placed in hardening fluids in order 
to examine them microscopically later. The microscopic methods were 
in the main the same as those previously used. 

The following are the principal facts in each of the experiments :— 


Dog 4. Chloroform for eight hours, .The animal was then killed by the 
operation of removing the brain and cord while it was still under the action 
of the anesthetic. | 

Cerebrum. Hardly a cell was normal in appearance when treated by the 
methylene-blue process. The change was the same as those previously noted, — 
but more intense. The nuclei even participate in the difficulty of staining, 
_ and the nucleoli are almost achromatic, exhibiting distinctly their nucleolar 
particles. By Cox’s method, there is also intensification of the moniliform 
condition of the dendrons and dendrites; this is especially well seen in the 
apical dendrons, which were traced into the molecular layer where they bend 
off to right and left. A larger number of basal dendrons were also «ffected. 

Cerebellum. A few of Purkinje’s cells are in the skeleton condition ; a 
large number are slightly rarefied. Cox’s method showed but little change. 
Spinal cord. Here also nearly every cell was markedly affected. The 
same change in the nuclei and nucleoli noted in the cerebral cells was seen 
here also.. The anterior cornual cells were those in which the change is most 
marked, but the large cells of the dorsal horns and intermediate grey matter 
were also affected. The preparations by Cox’s method were a failure. 

Glia cells. These were much increased in number in both cerebrum and 
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Dogi. Ether for eight hours. The animal was shen killed in the same 
way, In. this animal the venous congestion and capillary ansmia noted in all 
etherised dogs was again seen. In the chloroformed dog, the venous congestion 
was slight. Otherwise, the changes in the micrdacopic appearances were 
practically the same as in the corresponding animal of the chloroform series 
just described. 

Dog 2. Ether for nine hours. The animal was kept alive for 48 hours 
after the cessation of anesthesia, and then guillotined. He showed the usual 
signs which an animal exhibits when recovering from an anesthetic, and some- — 
what more than an hour after the administration had ceased he walked with 
grotesque unsteady movements to his kennel. During the night he barked 
and growled incessantly, and did not eat, but the next morning he was in a 
perfectly normal condition. Microscopic examination of the nerve-cells 
showed that they were practically normal; a few cerebral cells continued 
to be slightly rarefied, and a small number of the processes were stil] swollen. 
All the spinal cells were normal. Forty-eight hours thus suffices for a 
practically complete recovery from the effects of nine hours’ ether narcosis. 

Dog 3. Eight and a half hours’ ether narcosis. 

Dog &. Eight hours’ chloroform narcosis. 

These two animals were’kept alive for eight days after the anzsthesia, a 
were then killed by the guillotine. The nervous tissues were found to be 
absolutely normal in avery respect. There was na trace of venous congestion, 
no rarefaction in any nerve-cell, and no degeneration of any nerve-fibre in 
brain or cord, as tested by ey ee 


CONCLUSIONS. | 

The observations confirm my previous work and show that ether 
and chloroform act directly upon the chromatic substance of the 
peri-karyon, chemically changing it so that it loses its affinity for 
aniline dyes. This bio-chemical change is more intense in the 
experiments now recorded than in those previously described, the 
anesthesia having been kept up longer. In these later cases even 
the nuclei and nucleoli are affected. The nucleolus is the last part 
of the cell to show the effect of the drugs. The slow return of the 
conjunctival reflex in these cases appears to indicate that after a 


certain period of anzsthesia (six hours in the dog) the depression of 


neuronal function becomes more rapidly profound, and that there is 


a limit to the time of safe anasthesia. The histological changes 


observed support this view, for a gréater alteration occurred in the 
cells during the three hours between the sixth and the ninth of 
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anesthesia, than during " five hours between the first and sixth 
hours. 


_ The experiments also BE that the changes described in the cells. 


are only transitory ; they disappear with the disappearance of the drugs 
from the circulation and tissues, or soon after. Certainly after nine 
hours’ ether narcosis, the cells are practically normal 48 hours later. 
There is no permanent deformity in the cells, and no degeneration of 
ther processes, 

This observation affords further evidence that the moaitiform 
swelling of dendrons is not due’ to simple retraction of neurons but 
is the result of a pathological change in the trophic centre of the 
néuron; it is analogous to the swelling observed in the first stage 
of atrophy in axons when cut off from their trophic centres. 

The rarefaction of the cell-substance and the formation of monili- 
form swellings, may of course modify nervous function, and to such 
changes may perhaps be attributed those losses of memory, slight 
manias and melancholias that are now and then “— to follow 
prolonged anesthesia in the human subject. 
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ON DILATATION OF THE PUPIL FROM STIMULA- 
TION OF THE CORTEX CEREBRI. By J. HERBERT 
PARSONS, BSc. F.R.CS., Research Scholar of the British 
Medical Assocation. (Two Figures in Text.) 


(From the Physiological Laboratory, University College, London.) 
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I. History. 
SEVERAL previous observers have noticed dilatation of the pupil 
following excitation of various parts of the cerebral cortex. 

Bochefontaine™ (1875) was the first to record the fact as the 
result of experiments upon dogs. He showed that it might occur when 
the animals were curarised. 

Luciani and Tamburini® observed both dilatation and con- 
striction in some of their experiments. 

Ferrier confirmed these results, and added further details; thus, 
indicating the spots stimulated by numbers, he makes the following 
statements:—In monkeys, “(12) Including the posterior half or two- 
thirds of the superior and middle frontal convolutions, the eyes widely 
open, the pupils dilate, and head and eyes turn to the opposite side.” 

~ “(18) and (18a) On the anterior and posterior limb of the angular 
gyrus respectively the eyes move to the opposite side......usually also 
the pupils become contracted.” “(14) On the superior temporo- 
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sphenoidal convolution pricking of the opposite ear, head and eyes 
turn to the opposite side, pupils dilate widely.” In dogs, “(7) On 
the frontal division of the second? external convolution (coronal convo- 
lution)......the movements of the eyeballs I have found to be divergent, 
associated with contraction of the pupils.” “(12) On the precrucial 
division of the sigmoid gyrus the eyes widely opened with dilatation 
of the pupils....... In one or two instances I have seen the eyeballs 
_ converge, but in all cases the pupils were dilated.” “(13) On the 
parietal and posterior division of the second’ external convolution 
movement of the eyeballs to the opposite side......the pupils occasionally 
contract.” Similar results were obtained upon jackals, equivocal results 
on rabbits. In cats he only occasionally obtained constriction, but does 
not state that he ever obtained dilatation. In pigeons the most constant 
effect of any was an intense constriction of the opposite pupil on 
stimulating the middle of the convexity of the hemisphere. 

Horsley and Schafer™ obtained hemiplegia, accompanied by great 
dilatation of the right pupil and constriction of the left, in a monkey in 
which the anterior part of the right marginal convolution and almost 
the whole of the motor area had been removed. 

Schafer, in exciting the visual centre in monkeys, besides ocular 
- movements, obtained movements of the eyelids, etc., which, he states, 
“have not been constant in my experiments, nor have the changes in 
the pupils which are sometimes observed accompanying the movements 
of the eyes. I have occasionally obtained from stimulation on or near 
the quadrate lobule marked constriction of the pupils....... More usually, 
however, the movements whatever the part stimulated, are accompanied 
by dilatation of the pupil.” 

Beevor and Horsley™ state: “In the vast majority of instances 
there was no movement of the pupils; when it occurred dilatation was 
always noted. This dilatation of the pupils exists simply in association 
with turning of the head and eyes to the opposite side. It appeared 
to be represented most round the horizontal limb of the precentral sulcus, 
but we did not observe it many times.” They” also obtained dilatation 
of the pupils on stimulation of the fore part of the internal capsule. In 
the orang-outang they® expressly state that there was no dilatation of 
the pupils from stimulating the brain anterior to the precentral sulcus. 

Francois-Franck and Pitres™® obtained dilatation of the pupil in 
the dog from excitation of the anterior branch of the sigmoid, and the 


1 The third convolution of most authors. 
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anterior branch of the suprasylvian convolutions; and in the cat from 
the anterior part of the suprasylvian region and the adjacent, part of 
the third external convolution. The effect is obtained more slowly from 
stimulating the cortex than from direct stimulation of the cervical 
sympathetic nerve, but the latent period is shortened, and more nearly 
approaches that of the cervical sympathetic, if the oculo-motor nerve 
has been previously divided. Franck concludes from this that the 
effect is of the nature of a dilemma, but this view cannot be considered 
proved in the absence of accurate measurements of the respective latent 
periods. Constriction of the pupils was occasionally obtained in the 
dog from stimulation of the median part of the 3rd external convolution 
—accompanied by widening of the palpebral aperture without projection 
of the eyes. Stronger stimulus invariably led to dilatation, which 
rapidly followed the transitory constriction. The stimulation of the 
corresponding fibres of the corona radiata invariably caused constriction, 
never dilatation nor epileptoid convulsions, Franck and Pitres 
confirm Beevor and Horsley in obtaining dilatation from excitation 
of certain parts of the internal capsule. 
_ Bechterew and Mislawski™, in investigating the centres for the 
secretion of tears, obtained also the usual effects of stimulation of the 
cervical. sympathetic (dilatation of the pupil, retraction of the nictitating 


_. membrané, &c.) from excitation of the inner parts of the anterior and 


posterior divisions of the sigmoid gyrus in the dog. ) 

An extremely interesting observation is recorded by Sherrin gton am), 
In bringing physiological experiment to bear upon current theories of 
the emotions, he performed “appropriate spinal and vagal transection ” 
in the dog to eliminate “the sensation of all the viscera and muscles 
below the shoulder.” He says :—“the eyes were well opened, and the 
pupil distinetly dilated in the paroxysm of anger. Since the brain had 
been by the transection shut out from discharging impulses vid the 
cervical sympathetic the dilatation of the pupil must have occurred by 
inhibition of the action of the — centre.” 


II. Mernop. 


Experiments have been performed upon 2 dogs, 28 cats and 1 
monkey. The animals were anesthetised with A.c.E. mixture in a few 
_ of the earlier experiments, but with ether only in the majority. They 
were completely anssthetised and insensitive to pain throughout the 
experiments. When the animal is spoken of as being ‘lightly anms- 
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thetised,’ the test of the condition was the excitability of the motor 
areas of the cortex to stimuli of moderate severity, as shown by 
movements of the limbs of the contralateral side. ‘Epileptoid con- 
vulsions’ (called ‘struggles’ in a preliminary communication ™) is the 
term used to express the violent general movements which often follow 
stimulation of the motor area after exposure of the brain to air, or 
prolonged or frequently repeated excitation. It is well known that 
under these conditions the cortical cells become more excitable, the 
condition being quite compatible with complete anzsthesia. . 

The cervical sympathetics were either cut or isolated on one or both 
sides. In the dog the vago-sympathetic was treated asa whole. This 
was sometimes done also in the cat to ensure the complete division 
of all sympathetic fibres. In some experiments the superior cervical 
ganglion was extirpated to eliminate any dilator fibres which might 
reach the ganglion by any hitherto unknown course. Section of the 
sympathetic was usually followed by a distinct moderate constriction 
of the corresponding pupil, but this was certainly not invariably the 
case. Absence of a tonic dilator influence is probably under such 
circumstances due to the condition of anwsthesia of the animal. 

A cannula, connected with a Woulff's bottle contaiming the anzs- 
thetic, was usually inserted into the trachea, as by this means the eyes 
were left quite free for observation, and the amount of anzsthetic and 
air could be accurately modified by means of stopcocks. Where drugs 
_ were injected, it was through a cannula in the external jugular vein. 

The skull was then trephined over the area which it was desired to 
excite. The profuse bleeding from the skull was controlled by the soft 
wax, introduced by Professor Horsley. The dura mater was incised 
crucially. The brain was kept warm and moist by a -_ of cotton-wool 
soaked in warm saline solution, frequently renewed. 

For excitation, a du Bois-Reymond induction coil was used, the 
shock being, just perceptible when the electrodes were placed upon the 
tongue; but the current was not always constant, and occasionally the 
coil had to be pushed up to obtain the original strength of stimulus: 
In order to give a good view of the pupils, the eyelids were generally 
removed, if it was not specially desired to observe their behaviour. 
_ They were not removed in the experiment upon the monkey. The 

state of the pupil I determined by inspection. | x 

‘It is easy in the cat’s eye to direct one’s attention to the binilinited 
seehdlinn The constricted pupil being-a vertical slit, the distance from 
_ the centre to the periphery canbe divided into four imaginary parts, 


wa 
j 
a 
a 
a 
a 
4 
ig 
on 
= 
¥ 
2 
by 
a 
A 
4 
« 
3 


370 J. H. PARSONS.’ 


the pupil being said to be a quarter, a half, three-quarters, or fully 
dilated. This method of stating the results has been adopted i in some 
of the protocols. 

The amount of light falling upon the eyes was usually fairly constant 
throughout. the experiment, being diffuse London sunlight. In a few 
experiments performed on dark winter afternoons, a powerful (16-candle) — 
electric light, placed about 3 feet off in the middle line in front of the 
animal's head was used. It is only important to — the light fairly 
constant. — 


Il. LOCALISATION. 


As will be seen from the historical résumé, both dilatation and 
constriction of the pupils have been described as results of cortical 
stimulation. The former is easy to demonstrate, the latter much more 
difficult. Most observers have regarded the effects as inconstant, and 
but little attention has been specially directed to them. Thus Ferrier 
includes dilatation of the pupil with salivation from the submaxillary 
gland, changes in pulse and blood-pressure, and “other indications of 
general reverberation throughout the organism.” He regards them as 
“merely complications, and not as results of localised cortical stimu- 
lation.” On the other hand, Bechterew and Mislawski conclude 
that “stimulation of the given regions of the cortex and of the optic 
thalmi has hit off the central endings (Verlingerungen) of the cervical 
sympathetic” ; and that “the chief reflex centre for secretion of tears 
lies in the optic thalmi, and that there too are found the central tracts 
of the cervical sympathetic, their prolongations (Fortsetzungen) being 
continued thence to the cortex.” Francois-Franck is careful to 
distinguish between, two causes of dilatation of the pupil resulting 
from cortical excitation. One is a special and localised effect following 
stimulation of definite foci of the cortex, and also obtained from 
excitation of the underlying fibres of the corona radiata and internal 
capsule. The other accompanies epileptoid convulsions resulting from 
the stimulation of any and every part of the motor areas, and is never 
obtained from the underlying white matter, which does not induce the 


epileptic state. To the latter he attributes the dilatation after admini- 


stration of curare, which was observed by Bochefontaine. He perhaps 
lays too great stress upon this as a fundamental distinction, for it 
applies equally to other motor effects induced through the cortex. 

I have not paid much attention to any movements other than those 
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of the eyes and pupils. Dilatation of the pupils is often obtained 
without any movement of the eyes or body. I have usually found that 
a slightly stronger stimulus is necessary to evoke it than that which is 
required to produce movement from excitation of the arm or leg areas: 
or the same strength of stimulus may suffice if the animal be slightly 
less under the influence of the anesthetic. 

(a) Cat. In the cat dilatation of the pupil can be obtained from a 
considerable area in the neighbourhood of the crucial sulcus and from 
a considerable area of the occipital region. As the result of many 
experiments it is found that the mesial surface of the hemisphere near 
the crucial sulcus (prorean and pre-splenial convolutions') gives the 
most marked effect, but I have also found that the anterior part of the 
third or median convolution (coronal or anterior supra-sylvian, corre- 
sponding with Ferrier’s® in the dog) gives a very constant effect. In 
gne or two instances there has been a transitory constriction of the 
pupils before the dilatation from this area. Ferrier obtained constriction 
of the pupils and divergence of the eyeballs from this spot, but I have 
not observed the latter effect in the cat. 

In the occipital region, what may be called the focal spot is in the 
posterior part of the third or median convolution (posterior supra-sylvian — 
convolution, corresponding with Ferrier’s (13)). I have not observed 
any constriction of the pupil here, as described by bim. Frangois- 
Franck, however, obtained a’transitory constriction from this spot, 
followed by dilatation, exactly like that which I describe for the 
coronal gyrus. It is therefore probable that there are foci for pupil- 
constriction both in the frontal: and occipital areas, but that they are 
masked by the dilator effects, which are so much more readily produced. 
One may compare with this the greater representation of lateral eye- 
movements over any other eye-movements in the cortex™. 

The following is the protocol of a typical experiment. 

Exp. XXVII. Large Cat. Ether. Both cervical sympathetics divided, both 
vagi intact. Left frontal region exposed. 


Fig. 
1 For the nomenclature, see Langley. This Journal, rv. p. 248, 1882-3, 
PH. XXVI. 26 
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Coil at 10, just felt by tongue. Stimulate (1)=dilatation of both pupils—no 
movements. 

Pupils equal, 4 dilated: stimulate (1) =epileptoid convulsions ; both dilate to 
nearly 

Stimulate (2)=eyes straight forward—dilate. 

Pupils equal, }: stimulate (1)= pupils dilate to 4, then eyes straight. 

Pupils stimulate (3)=dilate to 4, the eyes straight. were 
straight, then pupils dilate to 4. 

Pupils }: stimulate (1)=R. leg moved, pupils to 4. 

Ditto. 

Pupils }: stimulate (4)=epileptoid convuision, pupils to 2. 

Repeat = nil, deep anzsthesia. Less ether. 

Pupils }: stimulate (5)=R. shoulder moved, pupils to 4. 

Pupils }: stimulate (6)=nil; stimulate (1)=pupilsto?. 

Pupils stimulate inner surtios of hemisphere near con- 
vulsion, pupils to >#. 

Repeat=eyes up, pupils to 4. 

Coil 94. Repeat=pupils to 3, no body movements. Pupils t: stimulate 
(6)=scarcely appreciable dilatation ; stimulate of R. 
pupils nil, Occipital lobe 

Pupils }: stimulate (7)=eyes up and forward, pupils to 4. 

Repeat =eyes up and forward, pupils to >}. 

Pupils }, eyes divergent, directed somewhat down and out ; stimulate a= nil ; : 
stimulate (9)=nil; stimulate (10)=eyes straight, pupils to 4. 

Pupils }: stimulate (1)=R. leg moved, pupils to 4. 


_(b) Dog. The areas are very much the same in the dog as in the 
cat, but I obtained a very marked effect from the precrucial gyrus. 
in the area marked (12) by Ferrier. I did not observe any con- 
vergence of the eyeballs in this experiment. : 

(c) Monkey. The monkey is much the easiest animal to work with 
and gives very definite results. 


Exp. XXX. Rhesus. Ether. Both sympathetics divided. of 
exposed, 


A.M. 
11.40 


11.46 
11.49 


11,50 
11.51 


11.52 


Coil 11°9, just felt by tip of tongue. Stimulate (1)=eyes down and to R., 
pupils dilate widely. Fresh battery. Coil at 12°5, just felt by tongue. 
Stimulate (1)=nil; repeat=nil. Deeply anwsthetised, less ether. 11.48 
Repeat=nil. Coil at 12. 

Stimulate (1)=no movement of eyes, pupils dilate slightly. 

Repeat=no movement, pupils to 2. 

Stimulate (2)=R. foot moved, pupils nil. 

Stimulate (3)—R. arm moved, pupils nil. Stimulate show arm moved 
vigorously, pupils nil. 
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Stimulate (1)=eyes down and to R., pupils dilate. 11.54 Repeat=ditto. 
Repeat = ditto. 
Repeat =ditto, then epileptoid convulsion with wide dilatation of pupils. 


Stimulate (1)=eyes to R., pupils dilate. Frontal bone removed farther 


Stimulate (6)= L. eye up and to R., pupils nil. 

Stimulate (5)=eyes straight, marked dilatation. 

Stimulate (6)= both up and to R., L. moves much more than R, pupils dilate. 

Stimulate (1)=eyes to R., pupils dilate. 

Stimulate (5)=eyes to R. and slightly up, pupils dilate. 

Stimulate (6)=eyes well up and to R., pupils dilate. 

Stimulate (1)=eyes to R., marked dilatation. 

Stimulate (5)=eyes to R., marked dilatation. 

Stimulate (6)=eyes up and to R., less dilatation. 

Stimulate (7) eyes straight (only slight movement), pupils dilate; epileptoid 
fit, marked dilatation. 

Stimulate (2)=R. foot moves vigorously, pupils nil. 

Stimulate (3)=R. arm moves vigorously, pupils nil. 

Stimulate (3’)=R. side of face moves, R. orbicularis palpebrarum contracts, 
pupils nil. Skull removed farther back. 


- Stimulate (8), (9), (10) successively =nil: then epileptoid fit, wide dilatation. 


y same sequence as 12.22. Stimulate (4)=R. arm moves vigorously,- 
pupils nil. Stimulate along fissure of Rolando=nil. Stimulate along 
intraparietal fissure = nil. 

Stimulate (11)=nil: ditto (12). Skull removed still farther back. 


Stimulate (13), (14), (15), (16) “a i ae then epileptoid fit and wide 


dilatation, 
Skull removed to lambdoid suture. 
Stimulate (14), (15), (16), (17), (18), (19)=nil. Stimulus not perceptible to 
- tongue. Coil pushed up to 11. Stimulate (16)=eyes slightly down and 
to R., slight dilatation. Stimulate (17)=ditto. Stimulate (18)=eyes to 
R., slight dilatation. Rather deep anazsthesia. Stimulate (16), (17)=same 
result, then epileptoid fit and wide dilatation. 


26—2 
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P.M, ‘ 

1.1 Pupils rather widely dilated: very small dose of A.C.E. on=pupils contract 
slightly. Stimulate (16)=nil, (17)=eyes to R. and slight dilatation. 
Stimulate (18)=eyes to R. and slight dilatation. Stimulate (16), (18)= 
ditto, (19), (20)=nil. 

The comparatively small result from the occipital lobe is probably due to the 
long duration of the experiment. 


IV. EFFECT OF SECTION OF THE CERVICAL SYMPATHETIC. 


Previous section of the cervical sympathetic diminishes the effect 
but by no means abolishes it. When both cervical sympathetics are 
intact, the dilatation of the pupil which follows cortical excitation is, 
when well marked, accompanied by all the usual effects of stimulation 
of the nerves themselves, viz., retraction of the nictitating membrane, 
widening of the palpebral aperture and projection of the eyeball: to 
these Bechterew and Mislawski add secretion of the lacrymal gland, 
but this I am unable definitely to confirm. All these effects are 
abolished by previous section of the sympathetics except the dilatation 
of the pupils, and this is diminished. Whereas, when the nerves are 
intact, full dilatation of the pupils may occur, especially during 
epileptoid convulsions, after they are divided the pupils rarely become 
more than three-quarters dilated. The effect is very well seen if one 
nerve is divided, the other being intact. In this case the two pupils 
move synchronously and apparently to the same extent, except that 
they start unequal, the one on the divided side being the smaller. The 
following remark of Francois-Franck is therefore certainly incorrect. 
“Tt is only in experiments in which the sympathetic has been divided 
on one side that the pupillary dilatation is unilateral.” He certainly 
admits a slight degree of dilatation, which he attributes to dilator 
fibres running another course, probably in the trigeminal. I have 
eliminated this possibility by dividing the V. nerve intracranially, and 
still obtaining the undiminished effect. (See Appendix, Exp. XXIX.) 
To eliminate the possibility of other dilator fibres reaching the superior 
cervical ganglion, I have, as already stated, extirpated it. The pupil on 
the side from which the ganglion was removed was slightly but appre- 
ciably smaller than on the side on which the vago-sympathetic was 
divided. (See Appendix, Exp. XIX.) © 
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V. EFFect OF SECTION OF THE III. NERVE. 


Section of the III. nerve intracranially after previous division of 
the cervical sympathetic causes the pupil to become immobile, about 
three-quarters dilated, and euniyea won of no = of the cortex has any 
effect upon it. 


_ VI. E®FFEcT OF SECTION OF THE CORPUS CALLOSUM. 


Complete section of the corpus callosum has no effect upon the 
result of stimulating the cortex. The bilateral effect is therefore not 
due to the stimulus acting through the opposite cortical; areas, but to 
its acting upon lower centres, but whether the optic thalami or the 


superior corpora quadrigemina I am not prepared to say, but probably 
the latter. 


VII. EFFECT OF STIMULATION OF THE CORONA RADIATA 
AND INTERNAL CAPSULE. 


Stimulation of the anterior and posterior parts of the corona 
radiata and internal capsule containing the fibres derived from the 
cells of the frontal and occipital areas mentioned leads to bilateral 
dilatation of the pupils. I have generally found a stronger excitation 
necessary, but this may be -due to the fact that stimulation took place 
at the end of prolonged experiments. In one case (App., Exp. XXIX.), 
I obtained a very marked constriction of the pupils, with strong 
convergence of the eyeballs from stimulation of the posterior part of 
the internal capsule, 


_ VIII. CRrrricisM AND CONCLUSIONS. 


The only point in these results which requires further consideration 
is the mechanism by means of which dilatation of the pupil can occur 
in the absence of the usual dilator tract. Two explanations offer 
themselves, viz., inhibition of tonic action of the ITI. nerves and a di- 
latation brought about by vascular changes in the iris. Sherrington, 
in the interesting experiments recorded, does not hesitate to accept the 
first explanation. It is said that after the optic nerves have been cut, 
dilatation is not obtained upon section of the III. nerve, and hence a 
tonic action of the IIL nerve has sometimes been denied. There can 
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be no question, however, that it exists when the optic nerves are intact, 
as in these experiments. 

The immobility which follows section of both the IIL. and the 
sympathetic is strong evidence in favour of the inhibition theory, iy 
must be noted, however, that the blood-pressure was probably very 
subnormal at this stage of the experiment. : 

- We have seen that dilatation of the pupil is still obtained after 
section of the sympathetic. No vaso-motor fibres are known to run 
to the iris except by way of the sympathetic, and even if such exist, the 
experiments of Langley and Anderson™ tend to show that vascular 
effects are inefficient to bring about the dilatation observed. | 

Moreover it is well known that changes in blood-pressure may occur 
from stimulation of various parts of the cortex, whereas pupil dilatation 
only occurs from certain localised spots in the absence of the epileptoid 
state. 

It seems justifiable from these considerations to regard the effect as 
another instance of direct inhibition of the oculo-motor nerves from 
the cortex. | 

I do not propose to enter into the question of the relationship of 
these pupillary foci in the cortex further than to say that Bechterew 

and Mislawski’s nomenclature strikes me as unfortunate. 


IX. SuMMARY. 


(1) Dilatation of the pupil, like other effects of cortical stimu- 
lation, is best obtained with slight anesthesia. It often occurs without 
any movement of the eyes or body, but most markedly in those epileptic 
convulsions which often follow frequent or prolonged excitation. It is 
never seen with deep anesthesia. 

(2) In the absence of the epileptic condition, it is only obtained 
from those parts of the brain which are concerned in eye movements— 
u¢., from the frontal motor area for the eye muscles, and from the 
occipital ‘visual centre.’ The differentiation of these areas, both for 
eye movements and pupillary dilatation, is much more exact in the 
monkey than in cats and dogs. In the latter animals, dilatation may 
occur from stimulation over considerable areas of the frontal and 
occipital regions, but is best and most constantly obtained from the 
sigmoid convolution around the crucial sulcus and from the mesial 
surface of the brain in the same region, and from the posterior part of 
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the 3rd or median convolution (ecto-lateral and posterior supra-sylvian 
gyri). 
(3) When well ination’ the dilatation of the pupil is accompanied 
" by all the usual effects of stimulating the cervical sympathetic. 

(4) The effect is sometimes more marked upon the opposite eye. 

(5). The effect is diminished, but by no means abolished, by 
section of hoth sympathetic nerves in the neck. The other sympathetic 
effects are abolished. 

(6) The effect is not influenced by section of the V. nerves intra- 
cranially after previous section of the cervical sympathetics. 

(7) The effect is abolished by section of the III. nerves intra- 
cranially after previous section of the cervical sympathetics. 

(8) The effect is not abolished on either side by section of the 
corpus callosum. 


(9) In the absence of the usual dilator tracts, the effect is — 
due to an inhibition of the tonic action of the III. nerves. 


In conclusion I wish to thank Professor Starling for allowing me 
to work in his laboratory, and Dr W. A. Osborne for kindly assisting 
me in the experiment upon the monkey. 
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APPENDIX. 


- The following are abstracts of some of the experiments. 
Expr. X. Cat. A.C.E. Both sympathetics L, frontal , 
and continued back over occipital lobes. 

A.M. 

11.15 Stimulate mesial surface near crucial :gubecinslfbibebtonn of both pupils with 

| retraction of nictitating membranes, esp. marked on R. side, No move- 
ments of body. Stimulate post-supra-sylvian convolution=same effect 
but more marked. Other parts of exposed area stimulated with negative 
results, 

11.40 Stimulate mesial surf. near crucial—usual result with contraction of orbi- 
culares palpebrarum, esp. opp. side. 

11.42 Stimulate post-supra-sylvian convolution = usual _— no body movements. 

_ Repeated several times at intervals. 

12.0 Cut L. symp. Stimulate oral end=wide dilatation. Stimulate sigmoid 
gyrus=dilatation of both, R.>L. Stimulate 
but less 

P.M. 


12.45 L. cortex removed. Stimulate R. cut surface of corpus callosum =move- 
ments of L. side of body and dilatation of both pupils, R. > L. ) 
12.50 L. III cut, pupil dilates to #. Stimulate corpus callosum=R. dilates, 
L. immobile. | 
1.0 R. symp. cut... Stimulate corpus callosum=very slight dilatation. : 
1.10 R. pupil<}: stimulate mesial surface of R. hemisphere=slight dilatation 
of R. pupil. 
Exp. XII. Cat. A.C.E. Syimathetion prepared. 
12.0 Stimulate sigmoid = marked dilatation, rapid recoil. 
12.5 Stimulate post-supra-sylvian=ditto, more marked. Cut L. symp. 
12.10 Pupils R.=}, L.<}. 
12.13 Stimulate sigmoid, R.>#, L.>}$, longer latent period, eyes down and to R 
12.17 Corpus callosum divided. R.=}, L.<}. 
12.20 Stimulate sigmoid=R. 4, L. nearly 4. . 
12.22 Stimulate post-supra-sylvian = ditto, eyes straight. Repeated | several times. 
12.30 Cut R. symp. 
12.33 Both=}: stimulate sigmoid, both =}: repeat =ditto. Stimulate 2nd ext. 
(post. pl.) =ditto. 
12.40 Stimulate central end of cut L. sciatic n. marked dilatation of both (2). 
12.50 Cut L. TIL R.>}, L.>4. Stimulate sigmoid=R.=4, L. nil 
_ [The corpus callosum was completely divided except at 19 Seren.) 
Exp. XIV. See Brit, Med. J1., Sep. 15, 1900. 
Exp, XVI. Cat. ‘Wither. Both prepared. L. cortex exposed. 
A.M. 
11.45 nystagmus, ‘56 per minute. Stimulate sigmoid =nil—deep 
thesia. Pupils equal, }. 
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P.M. 


12.0 Stimulate sigmoid =slight dilatation. Stimulate post-supra-syivian =dilata- 
tion to>4, R. ear pricked up. 

12.4 Stimulate sigmoid=eyes to opp. side, both dilate ; cpblagees increased in 

range 

12.10 R. symp. sla he as high as possible. 

12.12 Pupils R.<nearly 4, L.=}: stimulate sigmoid, #, L.=fully 2: 


Exp, XIX. Cat. Ether. R. supr, cervical gang, excised, R. X intact, L. X 
and symp. divided. L. frontal cortex exposed. 
P.M, 


4.30 R.=4, L, slightly larger : atiwalate L, sigmoid =dilatation of both. 

4.40 Deeply anesthetised, both =}: stimulate sigmoid =nil. 
4.44 Pupils, R.=4, L. slightly larger. Stimulate sigmoid, R.=}, L. very slight 
dilatation, R. orbicularis palpebrarum contracts. 

4.48 Repeat =ditto. 

4.50 No reaction to strong electric light in either (4). 

4.52 Pupils }: stimulate sigmoid = $, both, 


It is mentioned because the cerebellum was exposed and the L. lateral lobe 
stimulated. The eyes moved to the same side, and the pupils dilated from t to 4. 
This was repeated in another cat with the same result. 


Exp. XXIX. Cat. ACE, then ether. R. vago-symp. cut, L. symp. cut. 


2.0 Stimulate post-supra-sylvian=dilatation from } to 4. 
Pupils }, equal, Coil at 7; stimulate post-supra-sylvian = eyes to R. and 

ae up, dilatation to #, no body movements. 

2.4 Coil 13, Repeat=slight dilatation, no movements. 

2.5  Coilll. Repeat=dilatation from } to }, eyes to R. 


Repeat=ditto. Stimulate ant. part of 
2.8 
* * * 


2.13 Pupils sual 3: stimulate median ecto-sylvian=nil. Coil 10. Stimulate 
median ecto-sylvian=eyes up, slight dilatation. Stimulate post-supra- 
sylvian = wide 

2.25 Stimulate L. stimulate R. of both 
: to #, 227 Repeat=ditto. 2.30 Repeat=ditto. Dilatation very slow 
but marked. 


2.31 Pupils t-A.C.E. on—pupils gradually contract under influence of chloroform. 


2.40 Stimulate no post. part=strong con- 
vergence of eyeballs and both pupils contract = a 
[The V. nerve was completely divided.] 
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THE PHYSIOLOGICAL PROPERTIES OF THE MUSCLE 
OF ECHIDNA HYSTRIX. By H. G. CHAPMAN, MB, 
B.S. (Melbourne). (Eight Figures in Text.) : 


(From the Physiological Laboratory of the University of aie 


THE Echidna, as a monotreme, is of interest in combining certain 
reptilian characteristics with a general mammalian organisation. 
These creatures are possessed of great strength though their move- 
ments are slowly and laboriously executed. The muscles are of a 
dark bluish-red colour, and this tint together with the slow, powerful 
movement is suggestive of the red muscle of the rabbit and other 
mammals. 

The muscle fibres are on the average 05—0-1 1 mm, in diameter, 
their cross-striation is well marked, but the longitudinal striation is not 
prominent. The sarcolemma is thicker than in the red muscle of the 
rabbit. Beneath it, the sarcoplasm is aggregated into masses and is 
especially abundant in some parts of the fibres. The nuclei are 
numerous, and lie beneath the sarcolemma, none being found in the 
substance of the muscle. ; 

The nerve terminals, which are mammalian in character, have been 
investigated by Mr A. C. Payne, who has kindly lent me his specimens. 
The fibrils ended under the sarcolemma in the form of tufts, exactly 
similar to those obtained by the same method in the muscle of Laie 
rabbit. 


Method. 


The muscle used in the greater part of this investigation corre- 
sponded with the extensor digitorum sublimis (Meckel’) of the hind 
foot of Platypus. This muscle is composed of long, nearly parallel 
fibres arising from the head of the fibula, and also for 15 cm, from the 
tibial border of that bone in front of the interosseous membrane. It is 
supplied by a branch of the peroneal division of the sciatic nerve. 


1. Meckel. Ornithorynchus paradoxus, Desc, Anat., fol. 1826. 
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The length of its muscular portion varied in. different individuals 
from 45 to 75 mm., and its volume, measured by displacement, from 
12 to 1:8c.cm. Its average breadth was about 7 mm. and its average 
cross-section 30 .sq.mm. Its cross-section is oval. 

A number of tracings were taken with other muscles from the fore 


and hind legs of echidna which agreed in all essential particulars with 
- those of the extensor sublimis, but these muscles were not so well 
- adapted for investigation. Experiments with them confirmed the 


results obtained with the extensor sublimis. 
During all the experiments unless otherwise mentioned the muscle 


was left in the body with the circulation intact. The animal was 
_anssthetized with ether. 


The muscle was exposed by an incision along the dorsal surface of 
the thigh and leg. Its lower tendon was divided and the muscle freed — 


_ by dissection, care being taken to preserve the blood vessels and nerve. 


The origin of the muscle was made immovable by driving a bradawl 
through the head of the fibula into the stand. The sciatic nerve was 
exposed in the thigh, divided and placed on a small shielded electrode. 

The contractions of the muscle were recorded by means of a light 
lever writing on a revolving drum. The muscle was connected to the 
lever by a thread passing over a pulley and attached to the lower 
tendon of the muscle. By altering the attachment of the thread to the 
lever the magnification could be adjusted as required. As stimulus, 
the just maximal break-shocks of a du Bois Reymond’s inductorium 
were employed. The current was broken by the rotation of the drum 
knocking over a spring key. _ 

The muscle was loaded with weights placed as near the axis of the 


lever as possible (usually 1mm.). At the close of the experiments the 


length and volume of the muscle were measured. A series of curves 
were taken with six echidnas. 


The single twitch. | 

The record of a single twitch with varying load is exemplified 
in Fig. 1. 

The latent period, including that of the apparatus, was ‘017 second. | 
By means of the same method the latent period for the gastrocnemius 
of the rabbit was found to be ‘01 second. Assuming that the true 
latent period for the gastrocnemius of the rabbit (circulation intact) is 
‘0025 to 0035 second’, it leaves 007 second as the latent period of the 


2 Burdon Sanderson. Proc. Roy. Soe. xuvit. p. 14. 1890. 
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apparatus employed, and “01 second, or about 3 times that of the 
rabbit, as the true latent period of the muscle of echidna. _ In obtaining 
the latent periods of the echidna and rabbit 7 estimates were made 


Fig. 1, Single twitches of the extensor digitorum sublimis of Echidna with varying loads. 
The magnification is 54 times. The time record represents 50 D. V. & second. The 
mark on the abscissa shows the point of stimulation, . 


and the mean taken. The length of nerve between the muscle and 


point stimulated was never more than 3 cm. 


A complete single twitch occupies an extraordinarily ine time 


-(6—'8 second), of which period ‘2 second is taken up by the 


shortening, the remainder by the relaxation of the muscle. The exact 
time of relaxation is difficult to estimate owing to the contracted 
muscle returning but slowly to its original length. This “contraction — 
remainder” lasts about ‘3 to ‘5 second, and is a constant feature of the 
single twitch, being strongly marked in perfectly fresh muscle with 
circulation intact and at all temperatures, 

The amount of shortening of the muscle is given in table A, which 
is an analysis of the curves in Fig. 1, to show the actual shortening and 
work done with different loads. 


Taste A. Length of muscle (unstretched) 75°5 mm. Average eros. 
section 30 sg. mm. 


‘Load in grams Aetual shortening 
10 mm. 68°6 
50 2068, 


200 1808, 
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These results are also expressed in the curve Fig. 2, which shows 
the shortening and work done. These show that the maximum work > 
is performed when the muscle is stretched by a piiaca Weight, 
100 grammes. 


= 


es 50 IS 400 150 200 
LOAD IN GRAMS 


Fig. 2, shows the relationship of the amount of shortening and the work done by 
Echidna muscles with varying loads. Ordinates ; amount of shortening, 1 div. 
="2mm.; work done, 1 div.=10 gram. millimetres. _ 


The force exerted by the muscle in situ was also estimated. The 
tracings (Fig. 2) were the magnified measurements of the torsion of a 
steel wire and were recorded on a stationary drum. The tension was 
exerted 1°5 mm. from the axis. The series (Fig. 3) po the force 
of the muscle with varying initial tensions. 

The results are tabulated in the following table : 


B. 

Tension | Tension 
Initial tension with single stimulus with tetanus 
20 grammes ~ 80 grammes 475 grammes 

160, 500, 
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Tetanus. | 


An adjustable steel spring was arranged in the primary circuit. 
The secondary coil was placed so that only break shocks were operative. 


Fig. 8. Isometric curves of the extensor sublimis digitorum of Echidna with varying 
initial tensions. The value of the tension in grams is marked on the tracing. The 
height above the base line from which the curve starts measures the initial tension. 


The number of stimuli was raised from 2 to 10 per second. Tracings 
of which Fig. 4 is an instance show that the separate twitches are not 
distinct with two stimuli a second owing to the contraction remainder 
already noted. As the number of contractions in a second was in- 
creased the fusion is greater, but the shortening of the muscle does not 
become much more marked until 5 stimuli per second were sent into 
the nerve. With 7 per second the summation is still more marked, and 
complete tetanus is caused by 10 per second. | 

Records were taken of the amount of tetanic contraction with 
different loading. Figs. 5 and 6 represent the principal results ob- 
tained. Fig. 5 represents the work done, together with its relation to 
the elasticity curve of the muscle. The work done increases almost 
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Fig. 4. Varying numbers of stimuli sent into the extensor sublimis digitorum of Echidna 
loaded with 50 grams, Magnification nearly 3 times. 


directly as the load until 100 grammes is reached, when it falls rapidly. 
Fig. 6 demonstrates that: there is considerable shortening of the muscle, 
so that a muscle which when outstretched measured 56°5 mm., con- 
tracted until its length was 27 mm. or 47°8°/, of its original length. 
As the load is increased the amount of shortening slightly increased 
till its length was 442°/,, and then having reached its maximum 
shortening the muscle continued to contract to the same extent with 
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LOAD /N GRAMS 


Fig. 5, shows the relationship of the curve of elasticity to the work done by Echidna 
. muscle, It also gives a graphic representation of the elasticity curve. Ordinates; 
work, 1 div.=100 gram. millimetres; extension, 1 div.=4 mm. 


~ 


| 


Fig. 6, shows the relationship of the amount of shortening with single and tetanic 
stimulation by the Echidna muscle, Ordinate ; amount of shortening per 10 mm. of 
length ; 1 div. =-2 mm. ; abscissa; load in grams. 
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- each increasing load until the range of efficient working was exceeded, 
when it rapidly diminished. To obtain this result care was taken to 
give the muscle equal periods of rest between each: contraction (1 min.) 
and to allow the additional load to stretch the muscle for the same 
time (30 secs.), before the muscle was stimulated. The height of the | 
curves otherwise varied slightly. 

The rate of tetanic shortening of the loaded muscle is very slow 
compared with the suddenness with which a rabbit or frog muscle 
contracts under the same circumstances. An appreciable time (2—3 
_ secs.) was taken to shorten when the muscle was loaded with 200 grams, 
and the muscle threw itself into folds as it slowly raised the load. 


Elasticity and extensibility. 


A curve of elasticity (extensibility) is given in Fig. 5, Notches 
were cut every 4mm, along the recording lever and the weight was 
shifted each time one notch, so that the load was regularly increased. 
Precautions were taken to insure that the stretching weight acted for 
the same time in each case. 

The amount of the stretch decreases with the i increase of the tension 
of the muscle up to the limit of elasticity, when it increases almost 
directly with the load. Similar results were obtained with the muscles 
of the rabbit (vn situ). After a certain point these stretch directly 
_ with the increasing load. When this point is reached unequal stretches 
occur at times probably due to tearing of the muscle. The recovery of — 
the echidna muscle is perfect up to a stretohing weight of 120 zis 7 
this point is the limit of elasticity. 


Effects of fatigue. 


_ Three stimuli a second were passed through the nerve into a muscle 
to which a luad of 50 grams was attached, and Fig. 7 shows that visible 
contractions ceased in 174 minutes, The line joining the limits of 
relaxation on the tracing rises for the first 10} minutes, showing that 
- the muscle is steadily shortening. The effects of summation become 
more marked as the time taken by each switch increases and the 
contraction remainder becomes more marked, so that in 9} minutes 
three contractions per second cause nearly complete tetanus. This 
PH. XXVI. , 27 
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7 times. The time record represents 5 D. V. per second. Equivalent of 20 grams load on axle. 


Fig. 8. Single break twitches of the excised extensor sublimis digitorum at varying temperatures. The magnification was 
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effect, but in less degree, is frequently seen in excised frog muscles, 
but in the muscle of the rabbit (in situ) it is not obtained, but, as shown 
by Newell Martin in the cat, the muscle relaxes ee? during 
the progress of fatigue. 

Another striking contrast in the phenomena of fatigue in echidna 
and rabbit muscle is seen in the steady falling off of the height of the 
contraction in rabbit, whereas in echidna their summits slowly rise. As 
found by Kronecker’ the line joining the tops of the curves of 
shortening forms a descending straight line except for the first few 
contractions. In the echidna this line ascends steadily for 10} minutes 
and then falls slowly in the direction of the base line. | 


Excitability of excised muscle. 


_ An excised muscle retains its vitality and efficiency for 3—4 hours 
after removal from the body if it is kept at or below a temperature of 
30° C., but its excitability disappears in a few minutes if kept at 35— 
37° C, 

Records of single contractions taken with the excised muscle. corre- 
spond with those taken with the circulation intact, and the work done 
is the same for muscles of equal size. This vitality of the excised 
muscle of echidna suggested analogies to reptilian muscle. The. 
experiments however of Claude Bernard’, Israel*, and Curtis‘ 
show that this property is also possessed by mammalian muscle 
provided it be cooled down prior to the circulation being suspended 
by either dividing the cord or poisoning with curare’. 

Experiments made in this laboratory show that it is only necessary 
to allow a curarised animal to cool to a temperature of 25—30° C, in 
order to obtain this result. The rectal temperature of the echidna at 
this time of the year varied between 28—30° C. and the vitality of the 
excised muscles may be explained as due to the much lower temperature 
of the animals. 


1 Kronecker. Berichte d. k. Sachs. Gess. der Wiss. 1871, p. 718. 

2 C, Bernard quoted by Biedermann. LElectro-Physiology, 1. p. 92. 

3 Israel. Du Bois Archiv, 1877, p. 443. 

* Curtis. Proc. Amer. Physiol. Soc. in Amer. Journ. Physiol. IIl. p. viii, 
5 ©. J. Martin (private communication). 
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The influence of temperature on contraction. 


The eatensor digitorwm was dissected out and the leg amputated 
through the knee joint and immersed in a shallow dish containing 
salipe solution. The knee was fixed in a muscle clamp and the muscle 
mt attached to the recording lever. Small needles connected with 
the secondary coil of the induction coil were inserted into the ends of | 
the muscle to stimulate it. After the bath had been brought to the 


_ Yequired temperature an interval of five minutes was allowed to elapse 


before the contraction was recorded, in order to ensure the required 
temperature in the muscle. Fig. 8 represents the results of such an 
experiment, and below are tabulated results derived from it. 


0. Length of by toad of 10 48S 


Temp. True latent Time Time of dine ai Amount 
of muscle _ period! of uplift relaxation contraction of shortening 

3 060 1-08 3°92 5 35 mm. = 7:2 °/, 
10 047 95 2°5 47mm.= 97,, 
15 025 ‘58 8 1-4 mm. = 10°9 ,, 
20 ‘017 ‘27 7 mm. = ,, 
30 010 "16 “43 6 58 mm.=119,, 
35 009 13 27 “4 mm, = 125 ,, 


The time of relaxation was difficult to measure on account of the 
contraction remainder, and was obtained by prolonging the descending 


_ curve, prior to the development of such contraction remainder, to the 


abscissa. 

The examination of Fig. 8 in the above table shows, at temperatures 
varying from 3—35° C., an effect very similar to what has been observed 
with frog muscle with the following differences : 

The contraction remainder is as marked at the higher as at the 
lower temperatures and so renders accurate measurements of the 
rates of shortening and relaxation impossible. It is seen also that 
the increase in the duration of the contraction is principally due to 


1 The latent period was obtained by measuring the latent period of the muscle together 
with that of the apparatus and then subtracting that of the apparatus (‘007 seconds). _ 
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the increased time of relaxation. In this respect the echidna muscle 
differs greatly from the frog muscle, since in frog muscle at low 
temperatures the time of relaxation is about the same as that of 
shortening. 

With echidna the amount of shortening steadily increases with the 
rise of temperature up to 35° C., when the muscle rapidly loses its 
vitality. This sensibility to a temperature of 35°C. is interesting 
since the animal dies when its temperature is carried to 38° C. 
(C. J. Martin). 


Comparative observations made with the muscles of frog and rabbit. 


For the purposes of comparison a number of curves were taken 
of the muscle of the frog and rabbit (in situ) with the same apparatus, 
From a considerable number of these tracings an attempt was made to 
obtain some method of comparing the different muscles. Any such 
comparison can only be made between muscles of similar architecture. 
The difference between the loading under which maximum efficiency 
is obtained and percentage shortening varies so greatly in the muscles 
of the same animal but of different arrangement of fibres, that it is 
only permissible to compare those of different animals when such 
arrangement of fibres is nearly identical. 

When I came to attempt such a comparison it was soon apparent 
that the extent of experimental work already done was quite inade- 
quate. There was however one point in which the contractile 
peculiarities of the muscle of echidna showed an interesting difference 
from the other muscles examined, viz. in the ratio of the shortening in 
the single twitch to that in tetanic contractions. 

Two such ratios are instructive in showing the differences between 
the various kinds of muscle: 


(1) The ratio of the maximum shortening with the single twitch, 
_te, with no load on the muscle except the weight of the lever, and with 
tetanus under the same conditions of loading ; 


(2) The ratio of the shortening with single stimuli and tetanus 
with the load with which maximum efficiency is obtained with tetanic 
stimuli. 
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Table of Ratios. 
Muscle | Conditions I. Conditions II. 
Echidna muscle 1 to 40 
-Gastrocnemius of frog 1 to 15 1 to 2 
Gastrocnemius of rabbit 1 to 2 1 to 8 
Tibialis anticus of rabbit 1 to 2°75 1 to 20 


This greatly increased efficiency under the circumstances mentioned 
is very striking. 

The increased shortening of muscle under tetanus was shown by 
Griitzner’ to be a property of red muscle, so that he named such 
muscles tetanus muscles, and suggested that the great difference in 
the work done by a muscle in single twitches and tetanus might be 
due to the increasing cooperation of such red or tetanus muscle-fibres 
when repeated stimuli were used. In this view Griitzner assumes 
that repeated shocks are a more effective stimulus to these muscle- 
fibres. In working with muscles both of echidna and rabbit with 
circulation intact, it was found that the maximum shortening of the 
muscle is elicited by tetanic stimuli when the muscle is slightly 
stretched, and increasing the load it still shortens to the same extent 
as with the lighter load until the point of maximum efficiency is 
reached. The gastrocnemius of the rabbit which lifted the lever 
2‘7 mm. with a load of 10 grams, raised it 28 mm. with 100 grams, and 
the same height with each additional 100 grams until 1200 grams was 
reached. The results in the frog were not quite the same, there being 
a slight falling off from the beginning and then a rapid fall after the 
point of efficiency was passed. This may have been due to the 
deprivation of the circulation. : 


SUMMARY AND CONCLUSIONS. 


The histological features resemble in gerieral those of the soleus of 
the rabbit. The nerve endings are mammalian. 
The physiological properties were investigated with the circulation 


‘intact. 


The single twitch is remarkable for the long true latent period 
(01 sec.), for the time of contraction (‘6—‘8 sec.) and for its extra- 
ordinary contraction-remainder. 


1 Griitzner, Pfluger’s Archiv, x11. p. 277. 1887. 
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Tetanus is produced by 10 stimuli per second. The amount of 
shortening during tetanus is from 40—50 p.c. of the length of the - 
stretched muscle. With moderate stretching (20—200 grams) the 
maximum shortening is obtained with tetanic stimuli independent 
of stretching. , 

The stretching of the muscle increases with the tension but not 
directly. The muscle is perfectly elastic if loaded up to 120 grams. 
During fatigue (the muscle tn situ with the circulation intact) the 
effects of summation are very marked so that the line joining the tops 
of a series of twitches ascends. 

The muscle retains its vitality and efficiency for 3—4 hours after 
removal from the body if it be kept at temperatures lower than 30° C. 

Rise of temperature from 3°—35° diminishes the latent period and 
increases the rate of shortening and time of contraction. The muscle 
is killed by a few minutes’ exposure to 35°C. 

_ Comparative studies on the frog and rabbit show that the ratio of | 

the shortening with tetanic stimuli to the shortening with single 
stimuli is very much higher in echidna. The muscle of the echidna 
is quite unsuitable for short quick contractions, but is of such a 
character as to work economically and powerfully when continuous 
contractions are elicited. 


and for his advice and assistance in this investigation. 
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A FURTHER ENQUIRY INTO THE SUPPOSED EX.-. 
ISTENCE OF CEREBRAL VASO-MOTOR NERVES. 
By LEONARD HILL, MB, F.RS. anp J. bg R. MACLEOD, 
M.B. (Eleven Figures in Text.) 


Siok one of us together with W. M. Bayliss published a paper on 
the cerebral circulation® the existence of nerve fibrils on the walls of 
the intra-cranial blood vessels has been demonstrated by various histo- 
logists. Amongst these may be mentioned Obersteiner®, Gulland® 
and Huber®. 

On re-examination of the subject Gulland reversed the negative 
conclusion as to the’ existence of these nerves which he published 
earlier. 

‘Since the above histologists have undoubtedly demonstrated the 
existence of plexuses encircling the cerebral vessels, which stain alike, 
and have the appearance of plexuses found in other vascular areas and 
which are presumably vaso-motor in function, it has seemed to us 
advisable as Huber suggests to reinvestigate experimentally the 
problem. At the same time we would point out that it is an assump- 
tion on the part of histologists to name these plexuses or networks 
vaso-motor. What function they perform can obviously only be deter- 
mined by experiment. 

The experimental evidence in favour of the existence of cerebral 
vaso-motor nerves is very scanty in proportion to the negative evidence. 
Hirthle®, Cavazzani®, and Frangois Franck” are the three 
authorities who bring forward, as they suppose, positive evidence. In 
the case of all three the experimental evidence is of the same nature. 
It consists in the fact that the pressure in the cranial end of the 
internal carotid artery rises when the cervical sympathetic or vago- 
sympathetic nerve is excited. Francois Franck finds in addition 
that the pressure in the peripheral end of the vertebral artery rises on 
stimulation of the nervus vertebralis. This rise was found to take 
place when all reflex variations in general arterial pressure were 
excluded by cocainisation of the medulla oblongata. This writer asserts 
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that: the rise in the vertebral pressure could not be produced by a 
constriction of extra cranial areas because in his opinion this nerve 
‘supplies no such areas. 

_ This opinion is not in accordance however with results otitidnea by 
Fletcher, who has shown on good evidence that the ear in the rabbit 
is supplied by vaso-motor fibres from the nervus vertebralis. Both 
Hiirthle and Cavazzani found that the rise in the internal carotid 
only takes place when the sympathetic on the same side as the observed 
artery is excited. In two cases recorded by Hiirthle the pressure in 
the jugular vein fell synchronously with a rise in the internal carotid. 
This he says substantiates the evidence of cerebral vaso-constriction. 
No such fall of pressure was ever observed by Bayliss and Hill™ in 
the cerebral venous pressure taken from the torcular-Herophili, and 
these investigators brought forth evidence to show that it is essential 
that the general venous pressure should be investigated in all such 
researches, since the cerebral circulation stands in the closest relation 
to the venous pressure™. The above three workers did not perhaps 
pay sufficient attention to this point. The negative evidence con- 
cerning cerebral vaso-motor nerves is dealt with in “Cerebral —— 
1896, by L. Hill. 


EXPERIMENTAL RESULTS. 


Method. We carried out our experiments on monkeys, dogs and 
cats. The animals were anesthitised with chloroform and ether, and 
were afterwards curarised, some control experiments being also made 
on uncurarised animals. The animals have been placed for investigation 
in the horizontal posture. The aortic and right auricular pressure were 
recorded by mercurial manometers. The brain volume was recorded by 
an instrument similar to L. Hill’s brain-pressure gauge. A trephined 
hole 2c.c. in diameter was made, the dura mater incised and reflected 
and a brass tube of a corresponding diameter screwed in....Into this 
brass tube was inserted another tube of almost the same diameter, so 
that a thin indiarubber membrane tied to the lower end of the inner 
tube was brought into contact with the brain. The inner tube was 
filled with water and was connected with a glass tube placed vertically 
so that a pressure of about 10c.cm. of fluid was exerted on the brain. 
Finally the glass tube was connected to a delicate recording tambour. 

In some cases as a control the water meniscus in the glass tube was 
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photographed on a travelling sensitised plate. This made the instru- 
ment extremely sensitive. 

The volume of the fore limb was recorded by a plethysmograph 
filled with warm water and connected to a similar tambour. The 
simple Cambridge students’ tambour was found by us to be sufficiently 
sensitive for recording the volume changes, 1.¢. after we had made the 
tambour perfectly air-tight by fixing the rubber membrane with fish 
glue. Air connection was used both for limb and brain. 

The right auricular pressure was not recorded in all, but only in 
control experiments, In those experiments where we excited the stellate 
ganglion it was exposed for excitation by a method which was kindly 
communicated to us by Dr Langley. 

“A cut is made in front of the shoulder and the muscles separated 
till the upper two or three ribs are exposed. The intercostals between 
the first two ribs are torn through near the head of the ribs. The 


muscle in front of the first rb is torn through and the head of the rib 


tied with string and the piece resected. The ganglion stellatum is 
thus exposed and its connections with the trunk of the sympathetic 
and the spinal nerves having been cut it is ready for excitation.” By 
this means the ganglion can be exposed with very little experimental — 
shock to the animal. 
In some of the experiments the spinal cord was exposed and divided 
below the origin of the third dorsal nerve, and the upper end was 


excited, so as to stimulate not only the fibres of the cervical sympa- 
thetic and nervus vertebralis but also the whole of the cranial roots. 


Sherrington™ has shown that this operation produces no shock on 
the part of the neural axis above the level of the section. 


In the Figures 
B.V. indicates the brain volume. 
CC. iS pressure in the central end of the carotid. 
Or.€. 
R.A. a pressure in right auricle. 
volume of the fore limb. 
The time is given in seconds, 


_ Exp. 1 Fig. 1. Dog, uncurarised, both vago-sympathetic trunks 
divided. Brain volume recorded together with pressure in central end 
of carotid and cerebral end of internal carotid. The central end of the 
vago-sympathetic trunk was excited firstly on the opposite and then on 
the same side as the pannula in the internal carotid. In the first 
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case a general pressor effect results, the brain volume follows this, 
and there is an insignificant rise in the pressure in the internal carotid 
artery. 

In the second case hen the vigcripemthanic on the same ide is 
excited the general pressor effect on the general arterial system is very 
slight while in the internal carotid it is very marked. The brain 
volume expands during the rise of pressure in the internal carotid 
artery. | 


Fig. 1. 


This experiment confirms the results of Htirthle, Cavazzani and 
of Francois Franck so far as regards the pressure in the internal 
carotid artery, but the expansion of the brain volume seems to demon- 
strate that the rise of pressure in the internal carotid artery is not 
produced by constriction of the cerebral vessels. 


Fig. 2. This shows a repetition of the same experiment, only the 
animal was curarised, the limb volume recorded and the stellate 
ganglion excited on the same side as the recorded limb and internal 
carotid artery. On exciting the ganglion the pressure in the internal 
carotid rises and then follows variations in the central carotid pressure 
as it first rises and then falls. The limb volume markedly decreases 
and the brain volume slightly expands and follows the variations of 
arterial pressure. 

On the strength of these and similar experiments we conclude that 
there is no evidence of vaso-constriction in the brain. We suggest 
that the rise of pressure in the internal carotid may be produced by an 
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expression of the blood ‘stagnating in. the extra-cranial vascular areas, 
areas in which paralytic dilatation must take place owing to ligature of 
the external carotid artery. This blood which is expressed by vaso- 


constriction is, we imagine, driven into the circle of Willis and so raises 
the internal carotid artery pressure and expands the brain volume. In 
support of this supposition is the fact noted, not only by us but by 
Hiirthle and Cavazzani, that excitation is only efficacious on the 
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same side as the recorded internal carotid artery. Moreover we have 
noticed that the rise of pressure in the internal carotid artery is not 
obtained in nearly so marked a form on repeating the excitation a 
second time after a short interval. (See Fig. 3.) The cerebral volume 
in this tracing follows the variations in general arterial pressure more 
closely than the variations in the pressure in the internal carotid artery. 


Fig. 3. 


These experiments were repeated on a monkey with exactly 
similar results. We have also observed that the cerebral venous 
pressure measured in the torcular-Herophili rises synchronously with 
the increase in brain volume and the rise of pressure in the internal 
carotid artery. 

We also recorded in a dog the pressure in the cerebral end of the 
internal carotid on one side, and on the other side stimulated the 
sheath of the internal carotid. This produced no effect on the cerebral 
~ volume or arterial pressure. 


Fig. 4. Monkey (Rhesus) curarised. Brain volume, limb hans 
and pressure in.central end of carotid recorded. Stellate ganglion — 
excited. The limb markedly constricts, while the brain volume slightly 
expands following a slight rise in arterial pressure. 


Fig. 5. Monkey. Brain volume, right auricular and central 
carotid pressures recorded. Stellate ganglion excited. There is no — 
change in right auricular pressure, the heart accelerates in the pro- 
portion of 10 to 6 and the arterial pressure rises slightly. The 
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Fig. 5. 


Fig. 4. 
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brain volume slightly increases and the pupil was observed to markedly 

Fig. 6. Monkey (Rhesus). Brain volume, limb volume and central 
femoral pressure recorded. The upper end of cervical cord (divided 
‘at level of 4th dorsal root) is excited. The arterial pressure rises (the 
heart was observed to accelerate), the brain volume expands while the 
limb volume distinctly constricts. In this experiment both tambours 
were slightly leaking. 


In the monkey therefore we find no evidence of sorebeal vaso-motor 
nerves. 


Fig. 7. Dog. Upper limb volume, brain volume, central and internal 
carotid pressures recorded. After the injection of nicotin excitation of 
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the stellate produces no diminution in limb volume. The limb volume 
is slightly, the brain volume is Mareen. expanded by the rise in 
general arterial pressure. 


Fig. 8. Dog, curarised. Brain volume and arterial 
pressure. Suprarenal extract was injected into the subclavian artery 
on the side opposite to that on which the limb volume was recorded. 
There follows a considerable rise in arterial pressure; the volume of 
the limb first increases.owing to the rise of arterial pressure and then 
markedly constricts. The volume of the brain expands under the 
influence of the rise in arterial pressure. There is no sign of cerebral 
constriction taking place under the influence of this drug. 


Fig. 9. Repetition of same experiment as 8, only in this case the 
| suprarenal extract was injects straight into the blood stream in the 
| carotid artery. 

The results are the same as in the last tracing. 
| We have also investigated the action of suprarenal extract directly. 
| _ Having exposed the brain, we filled the trephine hole with suprarenal 
) extract, and as a control placed some of the extract on the mesenteric 
vessels. The cerebral vessels were illuminated with electric light and 
examined with the help of a lens. While the mesenteric vessels 
obviously constricted we were unable to observe any changes in the - 
cerebral vessels, In two cats we exposed the junction of the vertebral 
arteries from in front by pulling aside the trachea and cesophagus 
and removing the body of the atlas and the ligament between this and 
the occipital bone. We were unable to observe any constriction of the 
vertebral artery under the influence of suprarenal extract, both when 
the drug was injected and when applied directly to the artery. 


Fig. 10. Cat curarised. Limb volume, brain volume, and arterial 
pressure were recorded during asphyxia. On the termination of a 
period of asphyxia the arterial pressure is seen to fall, the limb volume 
to expand and the brain volume to follow the fall of arterial pressure. 
On the commencement of asphyxia we obtain an exactly opposite 
result. 


Fig. 11. Monkey (Rhesus) curarised. Brain volume, arterial pressure 
and right auricular pressure. This tracing is inserted to show that in 
a monkey the brain volume expands under the influence of abdominal 
compression, passively following the rise of arterial and auricular 
pressure. 
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We have also repeated the experiment of injecting lactic acid and 
have as Bayliss and Hill failed to obtain any increase in the brain 
volume such as was observed by Roy and Sherrington. 


Fig. 10. Fig. 11. 


The photographic records of brain volume, which we have taken, 
yield exactly the same results as those illustrated above, but, owing to 
the extreme sensitiveness of the method, the variations of brain volume 
appear of far greater magnitude. In these photographic records there 
is not the slightest sign of any preliminary constriction taking place 
when either the stellate ganglion is excited, or suprarenal extract 


CONCLUSIONS. 


The records of brain volume which we have set forth confirm the 
previous observations of one of us (Hill) and Bayliss, who recorded in 
their research the variations of the cerebral venous pressure measured 
in the torcular-Herophili. We have, in spite of our earnest desire to 
do so, been unable to obtain any experimental evidence of cerebral 
vaso-motor nerves. It would be rash to deny the existence of such 
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nerves, but we can affirm at any rate that the brain behaves in 
regard to excitation of the stellate of the spinal cord, and under the 
influence of asphyxia and suprarenal extract, in an absolutely different — 
manner to the fore limb, and that the circulation in the brain passively 
follows every change however slight either in arterial or in general 
venous pressure. The records of the volume of the fore-limb show that 
the vaso-motor nerves were, in our experiments, not paralysed by the 


experimental procedure. 


(1) 
(2) 
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THE CONDITIONS OF ACTION OF “TRYPSIN” ON 
FIBRIN. By H. M. VERNON, MA, MD, Fellow of 


Magdalen College, Oxford. (Two Figures in text.) 
(From the Physiological Laboratory, Oaford.) 


OF previous methods for the estimation of the proteolytic power of 
pancreatic secretion and extracts, that suggested by Mette appears — 
to be the most accurate. This method consists in subjecting short 
lengths of narrow bore glass tubing containing coagulated egg-albumin 
to the action of the ferment, and measuring the amount dissolved. 
Borissoff', and subsequently Walther’, have shown that this amount 
varies as the square root of the relative quantity of ferment present ; 
hence this quantity.can be readily calculated. Coagulated egg-albumin, 
however, is so indigestible that even pure pancreatic juice as a rule 
dissolves only about 2mm. in ten hours’ digestion at 38°C. The 
method is therefore useless for measuring the activity of comparatively 
weak extracts; and apart from this, the necessity of prolonging the 
digestion for so many hours is, as we shall see later, a potent source of 
error. 

Recently Rachford* has determined’ the effect of bile and of 
variations of acidity and alkalinity on pancreatic digestion by drying 
and weighing the fibrin remaining after digestion of known quantities | 
under the different conditions. This method is doubtless an accurate — 
one, but it is somewhat laborious; and as Rachford did not work out 
the relationship between quantity of ferment and amount of fibrin 
dissolved, it would be necessary to considerably extend his observations 
before founding a method of ferment estimation on them. 

It should be mentioned that the method of Roberts‘, which 
— on the so-called metacasein reaction, or the rendering of milk 


2 Arch. d, Sci. Biol. vu. p. 16, 1899. 
3 This Journal, xxv. p. 165. 1900. 

* Proc, Roy. Soc. xxxu. p. 145. 1881. 
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coagulable on boiling, is not available for trypsin estimation. As has 
already been suggested by more than one observer, and as will be 
proved in detail in a subsequent paper, the reaction is undoubtedly due 
to a rennet ferment. 

The method of trypsin determination to be described depends upon 
fibrin digestion, like most methods previously used, but in contra- 
distinction to these, it aims at affording an accurate quantitative 
measure of the relative amount of ferment present. Raw fibrin, 
previously kept a few weeks in 50°/, glycerin, was squeezed as free 
of glycerin as possible, and: then very finely chopped. The amount of . 
fibrin used, and the amount left after digestion, was determined 
volumetrically, after centrifugalisation. The fibrin was measured, and 
the digestions carried out, in small graduated centrifuge tubes holding 
10c.c. Roughly about 18c.c. of the chopped fibrin having been 
introduced into the tubes, they were filled up with water and then 
centrifugalised in a small hand centrifuge for two minutes. The fibrin, 
now compressed to about lc.c., had not attained quite a constant 
volume, as an additional two minutes’ centrifugalisation was found on 
an average to diminish it by about 3°/, more. As the physical labour 
of such long centrifugalisation is somewhat considerable, however, the 
two minutes’ period was kept to throughout, 5c.c. of water were now 
withdrawn from each tube, and 5 .c. of 2°/, sodium carbonate solution 
run in, The fibrin was shaken up, and the tubes kept in a water-bath 
at 38°C. for about an hour, so as to allow the fibrin to swell. If the 
fibrin be not swollen previous to the addition of the ferment the results 
obtained are misleading. The following figures show the times of 
digestion of 80°/, of the volume of fibrin taken, on addition of a weak 
alcoholic extract of ox pancreas 'to fresh fibrin}and to fibrin previously 
swollen in 1 °/, sodium carbonate for 90 minutes. 


Ferment added Fibrin unswollen Fibrin swollen Difference in time 
2 64 mins. -83°3 mins. 30°7 mins, 
143 128 ” 15 ” 


The ferment was in both cases acting in a 1°/, sodium carbonate 
solution, but with 2¢.c. of the extract, the digestion time of the swollen 
fibrin was not much more than half as great as of the unswollen. 
With half as much ferment, the difference in times was absolutely 
about as great, but relatively much less, Finally with a quarter as 


much ferment, the difference was still less, absolutely as well as 


wy 
4 
t 
| 
| 
} 
| 
| 
] 
| 
i 
i 
q t 
| 
3 
ae 
ae 
ag 
4 
} 
4 
aa 


ACTION OF “TRYPSIN.” 407 


relatively. One must assume, therefore, that the ferment can act very 

little upon the fibrin until it is swollen, and so, whatever the amount of 
ferment present, there is a certain more or less constant period of delay, . 
during which the fibrin is undergoing its necessary swelling. 

On another occasion, it was found that, using lec. of alcohol 
extract of ox pancreas, fibrin which had been previously swollen for 
31 minutes had 80°/, digested in 66 minutes; that swollen for 
58 minutes, in 57 minutes; and that swollen for 2 hours, in 63 minutes. 
An hour seems to be the most favourable time for swelling, therefore, 
and hence in all subsequent experiments this was adopted as the 
normal time, it seldom being varied by more than 10 minutes in either 
direction. 

It will have been noticed that the times of digestion of 80 °/, of the 
fibrin have been given. It was difficult to decide what particular 
period in the@digestion should be chosen as the standard, and this was 
eventually adopted as a compromise. It is impossible to determine the 
time of complete solution, as there is always a small quantity of 
sediment remaining undigested. Again, if the time of solution of a 
’ lesser amount of the fibrin—such as 50°/,—be chosen, an error is 
introduced owing to the fact that the longer the fibrin is exposed to 
the sodium carbonate the more within certain limits does it swell. 
After an hour, 1 c.c. of unswollen fibrin attains a volume of about 
16 c.c,, and after two hours, about 18c.c. An apparent 50°/, of 
undigested fibrin in a slowly digesting liquid will therefore represent a 
more advanced stage of digestion than 50°/, of fibrin in # quickly 
digesting liquid. This is also true to some extent as regards 80 °/, of 
digested fibrin, but in this case the error is much smaller. The 
so-called time of digestion of 80 °/, really corresponds to a digestion of 
88 to 90°/, of the raw fibrin originally taken, as no allowance is 
made for the swelling it has undergone. When apparently all but 
about ‘35 to ‘4 cc. of the fibrin in a centrifuge tube has dissolved, 
this tube is centrifugalised for 1 minute, and the volume—now reduced 
to about ‘2 c.c.—carefully read off. It is of course impossible to stop 
the digestion when exactly 80 °/, has been dissolved, but it is quite easy 
to hit it off to within 5°/, of this amount, and to correct for the small 
error thereby introduced. It is unnecessary to centrifugalise for more 
than one minute, as in this time the swollen fibrin has attained to 1°/, 
of the volume it would reach after 2 minutes’ centrifugalisation, and 
2°/, of that after 4 minutes. | 

The digestions were invariably carried out at 38°C. It is necessary 
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to shake up the contents of the tubes from time to time, the frequency 
of shaking naturally depending upon the rapidity of digestion. One 
taking 30 minutes for 80°/, solution would be shaken up four or five 


times in this period ; one an hour, seven or eight times, and so on. 


The relation of digestion to alkalinity. 


The evidence as to the concentration of sodium carbonate most 
favourable for tryptic digestion is somewhat contradictory. Heiden- 
hain! found that in solutions containing moderate amounts of 
ferment, ‘9 to 1°2°/, Na,CO, was the best concentration. Also he 
states—though he quotes only a single not very conclusive experiment 
in support of the statement—that weak ferment extracts require a 
more concentrated solution than active extracts for their maximum 
action. Kiihne?* found tryptic digestion to be most marked with 
‘3°/, Na,CO,, whilst Stutzer* obtained equally good results with 
‘25, ‘5, or 1°/, Na,CO,. These apparent contradictions will be partly 
accounted for by the results to be detailed, for these prove that it is 
impossible to fix the most favourable concentration in any general 
terms. A concentration favourable for one extract may be highly 
unfavourable for another. The reason of this depends chiefly on the 
fact, hitherto not properly realised, that trypsin is very rapidly 
destroyed by sodium carbonate, and also upon the fact that some 
extracts are very much more sensitive in this respect than others. 
With a sensitive extract, the most favourable concentration may be as 
low as ‘2°/,, and with an insensitive one, as high as 1°5°/, or more. For 
instance, 1 c.c. of an alcohol extract of human pancreas took the 
following times to digest 80°/, of fibrin. This fibrin had been pre- 
viously swollen for an hour in 1°/, Na,CO,, and then some of this — 
Na,CO, replaced in each tube by the appropriate amounts of water or 
more concentrated Na,CO,. | 


‘2°/, Na,CO, 138 minutes 


825 

15 53 


1 Arch. f. d. ges. Physiol. x. p. 675, 1875. 
2 Untersiich. a. d. physiol. Institut. d. Univ. Heidelberg, 1. p. 228, 1878. 
3 Zeit. physiol. Chem. x1. p. 207. 
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Here we see that, with 15°/, Na,CO,, the time of digestion was 
24 times more rapid than with ‘2°/, Na,CO,, and possibly it may have 
been more rapid still with a higher concentration. 

The following values, obtained with a sensitive glycerin extract 
of human pancreas, show that -4°/, Na,CO, may act much more 
favourably than 1°/, Na,CO,, and they also show that the optimum 
percentage of Na,CO, varies according to the dilution. Thus in 
‘25 °/, Na,CO,, the digestion time for ‘125 c.c. of ferment was just 
the same as in ‘4°/, Na,CO,, but with half this quantity of ferment 
it was only 65 minutes instead of 80 minutes. Again, with a large 
quantity of ferment, the difference in the digestion times with 1°/, 
and *4°/, Na,CO, is scarcely appreciable, but with a small quantity, 
it varies as about 1 to 1°6. 


Volume of extract 1% NaOU; ‘4% "25 NagOOs 
9°2 mins. 9 mins. 
261 ,, 19°32 ,, 
564 ,, 35 mins. 
0625 ” 131 ” 80 ” 65 
0312 ” 256 ” 166 ” 


A good many other observations were made upon this subject, but 
it is unnecessary to quote them here. At first 3°/, Na,CO, was 
decided upon as the most generally favourable concentration, but as 
in the case of a few extracts ‘4°/, Na,CO, was found to act much more | 
advantageously, this concentration was eventually chosen, and was 
used in almost all the observations to be described. The tubes of 
fibrin, after being kept for an hour at 38° with 1°/, Na,CO,, were 
centrifugalised for a few seconds; 6 c.c. of the supernatant liquid were — 
drawn off, and replaced by 6 c.c. of water, less the volume of extract 
to be added. Assuming that the swollen fibrin had contained 1 °/, 
Na,CO,, the solution would now contain ‘4°/, Na,CO,. 


The relative rate of digestion of fibrin. 

The relative rate at which the fibrin undergoes digestion was 
determined in a number of cases, so as. to obtain data for “correcting ” 
the digestion times to exactly 80°/, digestion. In addition to deter- 
mining the time of digestion of approximately 80°/, of the fibrin, many 
of the tubes were centrifugalised when from 40 to 65°/, of the fibrin 
had been dissolved, and also when from 85 to 95°/, The times of 
these various digestion percentages were now calculated proportionately 


ay 
@ 
34 
~ 
4 
| 
a 
“Fg 
7 
Ai 
4 > 


410 H. M. VERNON. 


to that of the 80°/, digestion time taken as unity, and the values so 
obtained are given in the accompanying figure. 


2s 
120 


Relative lime of Solution 


y 
Fig. 1. 

The thick line curve is a mean curve drawn as nearly as possible 
through the middle of these somewhat divergent values, and from it 
are taken the data used for correcting the various digestion times 
to exactly 80°/, digestion. These data are given in the accompanying 
table. Supposing, for instance, it had been found that 75°), of fibrin 
had been digested in 37 minutes, then one can readily calculate that 


80°/, would be digested in a = 402 minutes ; or if 83°/, in 


61 minutes, then 80°/, in 1051 = 98° rainutes. 
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0 Time of 0 
24 505 62 772 74 907 82 1038 
27 *523 63 “781 74°5 914 82°5 1°042 
30 541 64 791 88 1051 
83. 559 65 ‘801 75°5 1-060 
36 “B78 66 812 76 935 84 1070 
39 697 67 “8238 76°5 -943 84°5 1°079 
42 616 68 884 951 85 1-089 
45 69 77°5 959 86 1°110 
48 70 "856 87 1:133 
50 70°5 78°5 88 1°160 
52 689 71 868 79 933 | 89 1-188 
54 "705 71°5 "874 79°5 90 1/220 
56 72 80 1°000 91 1°256 
58s 725 “887 80°5 «1-008 92 1-300 
60 "754 73 "893 81 1°017 98 1°365 
61 “7638 738°5 81°5 1°025 94 1°450 


The divergences exhibited in the values given in the figure are for 
the most part real, and not due to experimental error. They depend 
largely on the facts already mentioned, viz., that different extracts vary 
in their degree of sensitiveness to the destructive action of sodium 
carbonate, and that the fibrin in slowly digesting solutions swells more 
than in rapidly digesting. 

The thick line curve is for digestions in *4°/, Na,CO, solutions, 
but a considerable number of determinations of the rate of digestion 
were also made for 1°/, and for ‘3°/, Na,CO, solutions (respectively 
49 and 73 values being obtained). In order to avoid confusion these 
values are not indicated in the figure, but their mean curves are given 
as dotted lines. From these we see that, taking the time of digestion 
of 80°/, of fibrin in each case as the standard, 1°/, Na,CO, digests 
fibrin relatively more slowly at first, and relatively more rapidly 
afterwards, whilst with ‘3°/, Na,CO, the reverse is the case. This 
is probably owing to the fibrin, on solution, combining with a good deal 
of the alkali present to form alkali albumin, and perhaps other weak 
combinations, and so being prevented from assisting the solution of the 
still undigested fibrin. ‘Thus the less the amount of sodium carbonate 
present, the more and more do the latter stages of digestion become 
delayed. For instance, in one case it was found that with °1°/, Na,CO,, 
it took 36 minutes to dissolve 50°/, of the fibrin, but no less than 
100 minutes to dissolve 80°/,. The same amount of ferment acting 
in ‘4°/, Na,CO,, took 57 minutes to dissolve 50°/, of the fibrin, but 
only 80 minutes to dissolve 80°/,. 

The amount of fibrin subjected to digestion was always about 1 c.c. 
(after centrifugalisation), the actual volume never falling below ‘9 c.c., 
and scarcely ever rising above 1°15 c.c. No corrections for variations 
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in volume were applied, as it was found that the rate of digestion was 
but little influenced by moderate deviations from unit volume. The 
subjoined values show that even when the amount of fibrin is halved 
or doubled, the digestion time is altered by only about 20°/, in either 
direction. All these values were obtained with aqueous and normal 


saline extracts of dogs’ pancreas and alcoholic extract of ox pancreas, 


the digestion time with 1:00 c.c. of fibrin being taken as 100. 


~ Volume of fibrin Digestion time 
83°7 mins. 
09 
“71 ” 87°2 ” 
89 
10: 1000 
182 ,, 
1:98 ,, 126°4,, 
2°00 ,, 1256 ,, 


The instability of “ trypsin.” 


The extreme instability of trypsin, especially in the: eeeenos of 
sodium carbonate, does not seem, to have been realised by most workers 
with the ferment. Heidenhain! quotes a single experiment, in which 
he exposed an active extract, diluted eight times with water, to a 
temperature of 35° for 24 hours. From the data given one can 
calculate that by this treatment 96°/, or more of the ferment was 
destroyed. He states that other observations, in which the ferment 
was kept with 1°/, Na,CO, instead of pure water, gave similar results. 
Kiihne does not seem to have found the action of sodium carbonate 
very injurious, as in his method of obtaining pure trypsin’, pancreas 
powder is allowed ‘to undergo auto-digestion for a week at 40° in 
*5°/, Na,CO,. 

In my own observations, I have found that most extracts, when 


diluted with water and kept at 38° show a fairly rapid destruction 


of ferment, whilst the addition of sodium carbonate greatly accelerates 
the decomposition. For instance; volumes of “125 c.c. of a 20°/, glycerin 
extract of pig's pancreas (diluted in each case to 2 c.c.), were kept 
for an hour at 38° with various strengths of sodium carbonate, and 
were subsequently compared as to their digestive capacity with an 
equal quantity of the fresh extract. The digestion time of this latter 
was 30 minutes, and the other times are given as multiples of this 


1 Arch. f. d. ges. Physiol. x. p. 579. 
Ver. au Heidelberg, ut. p. 463. 1886. 
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value: the manner in which the percentage of ferment —— 
was calculated will be indicated further on. 


Per cent. 
: Digestion time ferment destroyed 
‘Fresh extract | 30 x 1°00 mins. 
H,O for 1 hour | 32°7 
4°], Na,CO, for 1 hour | 204 ,, 60°5 
” ” ” | 418 ,, 82°6 
8°93 ,, 81°5 


Here we see that even in pure water no less than 32°7°/, of the 
ferment was destroyed, or enough to increase the digestion time by 
33 °/,. In *4°/, Na,CO, nearly twice as much underwent destruction, 
and the digestion time was double that of the fresh extract. With 
1 and 1°4°/, Na,CO,, however, we see that at the end of an hour less 
than a fifth of the ferment originally present was still remaining, so 
that the digestion time was now about four times its original value. 
Other observations made with active extracts gave somewhat similar 

results, but with comparatively inactive extracts, the reaction to 
_ sodium carbonate was strikingly different. For instance, an aqueous 
extract of human pancreas, having a digestion time of 132 minutes 
for 1 cc. of extract, was found to have this time increased by only 
5°5°/, on keeping for an hour at 38° with ‘3°/, Na,CO,, and by 31°8°/, 
on keeping with 1°/, Na,CO, (i.e. to have had respectively 49°/, and 
25°8 °/, of its ferment destroyed). 

With a view to elucidating these remarkable differences of reaction, 
observations were carried out systematically upon all the pancreatic 
extracts available. These extracts were fairly comparable, as they were 
all of approximately 20°/, strength, or made by adding 4 parts by — 
volume of the extracting liquid to 1 part by weight of the finely 
chopped or minced gland substance. In the case of the dog, the 
pancreatic extracts had been made within half-an-hour of death; in 
that of the sheep and the ox, within two hours; of the pig, four hours ; 
of one human pancreas (obtained from a woman who had died of 
diabetes), within eight hours; and of the other human pancreas 
(obtained from a young man, who died four days after an accident), 
within 36 hours. The extracting liquids consisted of chloroform water, 
‘9°/, sodium chloride solution containing chloroform, saturated sodium. 
chloride solution, dilute alcohol (3 parts of water +1 part of methylated 
spirit), and glycerin, either pure, or containing 25 °/, or 50°/, of water. 

In the accompanying table are given the times of digestion of 80°/, 
of fibrin (previously swollen 1 hour in 1°/, Na,CO,) by 1 cc. of the 
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extract, and in the next column, the tryptic values of the extracts 
deduced from these digestion times. Next is given the digestion time 
after exposure of a given volume of the extract, diluted 5 to 10 times, 
for 1 hour to the action of -4°/, Na,CO, at 38°. For convenience, these 
times are given as factors on the digestion time values obtained with 
an equal volume of the fresh extract. Such a volume of extract was 
generally taken as had a digestion time of about 30 to 50 minutes, but 
these factors hold fairly well for all proportions of extract. For 1 c.c. 
of extract, therefore, the increased time can be roughly calculated by 
multiplying the digestion times given in the third column of the table 
_ by the corresponding factor in the fifth column: e.g. for glycerin extract 
of human pancreas it would be 9°0 x 2°073 = 18°66 minutes. 
In those extracts marked with an asterisk, ‘3°/, Na,CO, was used 
instead of ‘4°/,, both during the hour’s treatment of the extract at 38° 


and during the fibrin digestion. The differences of reaction and | 


digestion produced thereby are but small, so it was deemed unnecessary 
to separate the observations. 


Source of pancreas Extracting liquid 


Dog Glycerin 66 145°9 2633 69° 141 
Pig 50, glycerin 756 «605 199 
Man Glycerin 90 649 2078 596 92 
Woman (diabetic) 75%, glycerin 147 26% 2°625 72°7 101 
*Dog 177 282 1-601 44°5 96 
Pig Alcohol 214 157 
Man 50°), glycerin 27°2 11% 148 
*Sheep 50°, glycerin 302 102 1986 «B50 174 
Dog Water 36°5 7°86 13938 848 181 
Dog (kept 70 hrs.) 9°), NaCl 37°2 785. 1151 1448 
Sheep Alcohol 42°5 6:19 1°195 177 
Pig Saturated NaCl 45 5°79 1-212 199 195 
*Dog ‘9%, NaCl 46 5-64 ‘987 — 124 
Ox 50 5°10 1-055 67 181 
Ox Saturated NaCl 63 3°80 1310 261 178 
*Man : Alcohol 775 2°96 1-047 5-1 121 
Man (kept 87 hrs.) 9°, NaCl 81 2°86 982 185 
Woman Alcohol 88 1325 280 87 
*Man | ‘9%, NaCl 85 2°72 1-079 8:1 118 
Woman ‘9%, NaCl 95 2°40 1°165 169 108 
Sheep (kept 20 hrs.) Saturated NaCl 97 2°34 1'190 19°1 213 
Ox (kept 60 hrs.) ‘9%, NaCl 98°5 2°31 («178 187 
*Man Water 182 1°64 49 124 
‘Ox NaCl 260 78 1'146 13°5 196 
Sheep ‘ Saturated NaCl 287 10 1064 5-7 198 
Ox Water 340 59 1-021 19 198 
Ox Glycerin 380 52 1-098 8°38 198 
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In the next column of the table is given the percentage of ferment 
calculated to have been destroyed in each extract by the hour's exposure 
at 38°, whilst in the last column is recorded the age of the extract in 
days. As a rule, the time of exposure of the ferment was nearly or 
exactly 60 minutes, but in some cases considerably more or less than 
this. The increase in the digestion time, was always corrected to 
60 minutes’ exposure, however, in a manner to be subsequently indicated. 

From this table one may see that altogether 27 different extracts 
were examined, their digestion times varying between the extremes of 
66 minutes and 380 minutes. From various data, to be mentioned 
later on, it has been found possible to calculate the relative amounts of 
proteolytic ferment present in these extracts, and we see in the table 
that the tryptic value thus determined varies from 145°9 to ‘52, or as 
281 to 1. However, the chief interest of the table lies in the next two 
columns. Here we see that whilst in the case of the four most active 
extracts, exposure for an hour to *4°/, Na,CO, at 38° more than doubled 
the digestion time, or brought about the destruction of 65°6 °/, of the 
ferment present, in the case of the five least active it increased the 
digestion time by only 7°6°/,, or destroyed only 7°/, of the ferment. 
Extracts of intermediate activity showed an intermediate degree of 
reaction to the sodium carbonate. The five most active extracts (next 
to the initial four), with digestion times of 17°7 to 36°5 minutes, had on 
an average 37°1 °/, of ferment destroyed per hour; the three next, with 

digestion times of 37:2 to 45 minutes, 17'3°/, per hour, and the ten 
next, with digestion times of 46 to 985 minutes, 128 °/, per hour. 
One may conclude, therefore, that the destructive action of 
sodium carbonate on the proteolytic ferment diminishes con- 
comitantly with the activity of the extract. Doubtless the 
individual values in this table are somewhat irregular, but taking them 
as a whole, I think there can be no doubt that they fully justify one in 
drawing this conclusion. If this is the case, then one is driven to still 
another conclusion, viz. that the ferment trypsin is not a single 
chemical substance. It seems rather as if there were a series of 
“trypsins” of gradually increasing degrees of stability. This stability 
does not concern only the reaction to sodium carbonate, but to all the 
conditions of environment, both chemical and physical, to which the 
ferment of an extract is subjected. As a kept extract in course of time 
gradually diminishes in activity, the most sensitive “trypsins” first 
undergo destruction, and then in turn the less and less sensitive ones, 
the least sensitive of all remaining till the last. That this is the case 
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is suggested also by a few observations made upon fresh gland extracts. 
Thus 20°/, normal saline and alcoholic extracts of sheep’s pancreas, 
after 40 hours’ extraction, were found to have tryptic values of respec- 
tively 23°7 and 12°25 (or digestion times of 16°4 and 25°6 minutes with 
1 cc. of extract). In their reaction to sodium carbonate, however, they 
were more sensitive than any of the extracts mentioned in the table, 
their digestion times being increased to respectively 2°832 and 2°761 
their original amount, after keeping for an hour at 38°. These values 
correspond to a destruction of respectively 76°9 and 728 °/, of the 


ferment. 


As regards the individual values in the table, the digestion time 
given for the glycerin extract of dog’s pancreas is a calculated one, a 
smaller quantity of ferment than 1 c.c. having been employed. Several 
of the extracts were of gland substance which had been kept for 20 
to 70 hours in its chopped up condition, before the addition of the 
extracting liquid. In the case of two extracts, it will be seen that 
there was apparently no destruction at all of ferment on keeping at 38°. 
Such a result may perhaps be due to experimental error, as this is 
doubtless fairly considerable, depending as it does on the estimation 
and comparison of two ferment solutions. 

The variations in the individual values, over and above those due 
to experimental error, may be attributable to two causes, viz., the nature 
of the extracting media, and the diverse origin of the glands themselves. 
The nature of the extracting liquid probably has very little to do with 
the differences of reaction, though the contents of the table lend some 
colour to this hypothesis. Thus it is noticeable that most of the 
glycerin extracts were very sensitive to Na,CO,, and the aqueous and 
saline extracts very insensitive, whilst the alcohol extracts occupied an 
intermediate position. As shown by the digestion time values, however, 
this must have been almost entirely due to the fact that glycerin is a very 
good preservative of the ferment, whilst water and normal salt solution 
are bad ones. Thus all the extracts of each individual animal were 
made at the same time with the same gland substance, and though they 
were afterwards tested at various times, yet the average age of the more — 
active extracts is about the same as that of the less active. That the 
glycerin extracts were as a rule the more sensitive merely because they — 
were also the more active, is also borne out by the fact that of the two > 
glycerin extracts made of the same human pancreas, that in pure 
glycerin was exceedingly active, and also exceedingly sensitive, whereas 
that made in 50°/, glycerin, and examined nearly two months later, 
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contained only a sixth as much ferment, and also showed only 28°5 °/, 
destruction of ferment by the sodium carbonate, instead of 59°6°/,. 
Still again, the glycerin extract of ox pancreas was the most inactive of 
the extracts examined, and it was also very insensitive to Na,CO,. 

The other probable cause of the variations noticed in the table, 
viz., the diverse origin of the glands themselves, is best studied by 
classifying the extracts. This has been done in the accompanying 
table, which gives the tryptic values of the extracts. 


Dog Pig Man Woman Sheep Ox 
Glycerin 1459. 746 649 12 ‘52 
Alcohol 932 15°7 296 279 619 510 
Saline 664 579 2-40 88&-78 
Water 7:86 = 1-64 59 
128 202 114 99 195 189 


Here one sees that more or less the same order in the scale of ferment 
activity is kept, whatever the extracting liquid. Extracted with 
glycerin, dog’s pancreas proved to be much the most powerful, pig’s 
pancreas, and then the human pancreases, coming next. Extracted 
with alcohol, dog’s pancreas is again the most powerful, and pig’s 
pancreas again ranks second in activity, but ox and sheep's pancreases 
are more active than the human. In the case of salt solutions, however, 
the original order is more or less reverted to, though the activity of the 
pig’s pancreas is slightly greater than that of the dog’s. Probably this 
is because saturated sodium chloride was used instead of ‘9 °/, solution, 
for in the case of the ox pancreas the saturated salt extract was five 
times more active than the normal saline one. As regards the aqueous 
extracts, the observations are incomplete, but in their case also, as far 
as they go, the dog’s pancreas provided the most active extract, and 
the ox pancreas the least. ! 

One may conclude, therefore, that the dog’s pancreas originally 
contained more ferment or zymogen than any of the other glands, 
whilst that of the pig came next. The extracts of this latter gland 
were about seven months old when examined, whereas those of the 
former were only four months, hence it is possible that they originally 
differed but little in ferment power. The human pancreases must have 
contained a good deal less ferment than either of them, but it should 
be remembered that neither of these glands was from an absolutely 
normal subject. It is, perhaps, a matter of surprise that extracts of a 
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gland obtained from a woman dying of diabetes (for post-mortem 
examination revealed no other cause of death) should be as active as 
the figures indicate. . 

_ The sheep and ox glands exhibited a moderate ferment activity, 
distinctly inferior to that of the dog and the pig, hence there is no 
doubt as to the inequality of the various glands. For equal degrees of 
ferment activity, therefore, one would expect extracts of dog’s and pig’s 
pancreas to be less affected by sodium carbonate than extracts of the 
other glands. The contents of the table given a page or two back 
seem, on the whole, to support this view. For instance, the glycerin 
extracts of the human pancreases had on an average 66°1°/, of ferment — 
destroyed by the sodium carbonate, as against 65:1 °/, in the case of the 
glycerin extracts of dog’s and pig’s pancreas, although they did not 
contain half their amount of ferment. 

The existence of trypsins of various degrees of stability can be 
readily shown in any single extract, for it is found that the rate of 
decomposition of the ferment on exposure to sodium carbonate at 38° 
becomes gradually slower and slower, as less and less of the ferment is 
left. If the rate of increase of digestion time for various periods of 
Na,CO, treatment be calculated, however, the values obtained are more 
or less constant. For itistance, ‘125 ¢.c. of a glycerin extract of human 
pancreas had a digestion time of 35 minutes, but on keeping 23 minutes 
with *4°/, Na,CO, at 38°, this time was increased to 51 minutes. Sup- 
posing the increase of digestion time be proportional to the time of 
exposure, then one can calculate that after one hour the digestion time 
would have risen to 35 x 2192 minutes. On keeping ‘125 c.c. of the 
extract for 70 minutes at 38°, the digestion time was found to have 
been increased to 73 minutes, or to 35 x 1931 minutes per 1 hour's 
exposure. Finally, extract kept for 172 minutes at 38°, had its diges- 
tion time raised to 155 minutes, or to 35 x 2196 minutes per 1 hour's 
exposure. Now these three factors, 2192, 1°931 and 2196 are suffi- 
ciently similar to warrant one in concluding that the rate of increase 
of digestion time is more or less directly proportional to the time of 
exposure of the ferment to Na,CO,. In the observations already — 
recorded, as to the increase of digestion time of the extracts for 
1 hour’s exposure, it was mentioned that the actual times of exposure 
were frequently more, or less, than the standard 60 minutes. In such 
a case they were corrected to 60 minutes in accordance with this directly 
proportional relationship. 

In the accompanying table are given the factors of the increased 
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digestion times (calculated ’ hour) obtained in the case of other 


extracts. 
Time of Relative Time of Relative 
| digestion time —_digeation time 
‘5 c.c. glycerin 84 mins. 20x 3°559 ‘5 ¢.c. glycerin. 27 mins. 65x 2-051 
« (woman) 2424 (sheep) 18k: 1-922 
MT, 2-296 | 25c.c. aloohol 28 ,, 36°1x1°611 
0625 ¢.c. glycerin 20 ,, 82x 2°407 (dog) 1°705 
2-860 133 ,, 1-486 
‘14 ¢.c. glycerin 37 ,, 80x19456 | 1c.c. ‘9%, NaCl 69 ,, 85 x 1°071 
(pig) 2°127 (man) 140 ,, 1-086 
148 ,, 1°628 


It will be seen that they are somewhat variable, and also that they 
do not quite conform to the rule of direct proportionality. The relative 
increase of digestion time for long periods of exposure to Na,CO, is 
probably somewhat smaller than that for short periods (this being 
especially the case for glycerin extract of woman’s pancreas), but the 
difference was not sufficiently constant or marked to permit one to 
allow for it in correcting the results above mentioned. 
In spite of the digestion time increasing more or less proportionally 
to the time of exposure, it nevertheless follows that the rate of destruc- . 
tion of the ferment rapidly diminishes, Supposing, for instance, that <a 
such a quantity of the ferment is destroyed in the first hour as to | 
double the digestion time, then if a similar proportion of what is still 
remaining be destroyed during the second hour, the digestion time 
would be quadrupled, and after a third hour, be increased to eight 
times its original amount. We have found, on the contrary, that it is 
only trebled after the second hour, and quadrupled after the third, or 
that the increase is in arithmetical proportion, not geometrical. From 
data recorded subsequently, it is possible to calculate the rate of destruc- 
tion of the ferment, and in the accompanying table are given the results 
so obtained in the case of four of the extracts. Each of these extracts 
had its digestion time determined after about 30, 75 and 150 minutes’ 
treatment with sodium carbonate at 38°, and so they are fairly com- 
parable. In the case of glycerin extract of woman's pancreas, for 
instance, the increase of digestion time after 34 minutes was calculated 
to correspond to a destruction of ferment at the rate of 81°3°/, per 
hour. The actual digestion time after this 34 minutes’ treatment was 
49 minutes, whilst after 87 minutes’ treatment it was found to be 
61:3 minutes. The rate of destruction of ferment between the 35th 
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and 87th minutes could be calculated from these values to be 27°4°/, per 
hour, or only about a third as much as in the first period. Finally the 


Percentage rate of destruction of ferment per hour during 


0—87 mins. 24—87 mins. T1—172 mins. 
Woman Glycerin 81°3 27°4 29°5 
Man Glycerin 62°0 85°5 48°8 
Pig Glycerin 58°2 51°4 
Dog Alcohol 45°0 48-2 9°1 
Average 61°6 89°4 22°4 


rate of destruction of ferment between the 88th and 147th minutes 
was calculated to be 29°5°/, per hour, or about the same, - However, 
not very much reliance can be placed on individual values, as the 
experimental error is necessarily large, and becomes much magnified 
by this method of calculation. The mean results of the four series 
of observations given in the table may probably be taken to afford one 
a fair idea of the average change of decomposition rate, and from these 
one gathers that for every three parts of ferment destroyed per hour 
during the first half-hour of sodium carbonate treatment, only about two 
parts are destroyed during the second half-hour, and only about one 
part during the 14 hours after that. This diminishing rate of ferment 
destruction in individual extracts thus affords striking confirmation i 
the results obtained by a ears aman of different extracts. 


It was found by Schiitz’ that the rate of digestion of fibrin by 
pepsin varied as the square root of the quantity of ferment present, 
even when this quantity varied as 1 to 64. Subsequently Borissoff?, 
using Mette’s method, showed that trypsin digested coagulated egg- 
albumin in accordance with the same rule, and Samojloff*, also using 
Mette’s method, found that the amount of coagulated egg-albumin 
dissolved by pepsin varied as the square root of the quantity of ferment 
present only in dilute solutions. In concentrated solutions, it was less 
than that. required by. the law. . 

The digestion time values obtained when trypsin acts on swollen 
fibrin do not, as a rule, appear to conform very closely to the theoretical 
relationship. This is because of the rapid destruction of the ferment by 

1 Zeit, f. physiol, Chem. rx: p. 577. 1895. 2 Tbid. 
3 Arch. de Sci, Biol. p. 699. 1893. 
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the sodium carbonate, for the less the amount of ferment added, and 
the longer the digestion time, the greater is the relative amount of 
ferment destroyed. _ If this ferment destruction be allowed for, however, 
then the rate of digestion is found approximately to vary according to 
rule.. For instance, in the case of alcohol extract of dog’s pancreas, the 
following digestion time values were obtained : 


2 11°8 mins, 11°14 mins. 16°2 
1 16°25 ,, 16°3 21°4 
5 26°8_,, 23°62 , 16°7 23°1 
86°1. ,, 80°57 ,, 15°3 80°5 
80°4 ,, 20°3 23°1 | 
0625 ,, 93°67 23°4 19°2 


With large quantities of ferment, one finds that the digestion 
time values do not depart very greatly from the theoretical, for 


118 x V¥2=167; 177xV1=177; 268x V5=189; 


and 36:1 x V'25=1805; ie, the values are fairly concordant. With 
smaller quantities of ferment, however, they are very aberrant, 


176 x V:0625 giving the value 440. Now it has been found that on 
an average, after 1 hour's treatment with Na,CO, at 38°, the digestion 
time is increased from 1 to 1-601, owing to the destruction of ferment. 
With a digestion time of, for instance, 11°8 minutes, the ferment—so 
far as regards its digestive action on the fibrin—would on an average 
be exposed to the destructive effect of the sodium carbonate for only 
us = 5°9 minutes. The digestion time would thereby be increased 
from 1 to 1059. Supposing no ferment whatever had been destroyed 
during the digestion, therefore, the time taken would have been 
118x1 
1059 
ferment destroyed when the digestion time was 17°7 minutes, one 
finds it becomes reduced to 16°25 minutes; lastly, when it was 
176 minutes, to 93°57 minutes, or not much more than half the 
amount. The products of these corrected values into the square root 
of the number of c.c. of extract used, are given in the fourth column 
of the table. Here one sees that with from ‘25 to 2 cc. of extract, the 
digestion time varied approximately in accordance with the rule, but 
that with smaller quantities of ferment it was considerably prolonged. 
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In the case of 0625 c.c. of extract, for instance, the time ought to 
have been about 65 minutes, instead of 93. Probably these apparent 
deviations are due to the correction applied for destruction of ferment 
being insufficient. A few observations were made which seemed to 
show that the ferment was destroyed somewhat more rapidly in presence 
of fibrin as well as sodium carbonate, than in sodium carbonate alone. 
In the accompanying table are given the products of corrected 
digestion time into square root of volume of extract, obtained in the 
case of other extracts. The corrections applied were, of course, different 
in each case, the values used —_ those given in the full table some 
pages back. 
Corrected digested time x +/ferment. 


of gland liquid lod 25 W5ec. O625cc. 08125¢.c. 
Pig 50°), glycerin 8-1 9°7 10°7 14°5 — 
Man Glycerin 83 9°7 11°7 126 
Woman 75°, glycerin 12°2 11°4 12°7 136 
Sheep glycerin 211 242 268 27 M4 
Dog Water 32°6 80°9 48°0 
Ox Alcohol 46°7 42°2 37°2 425 


In the case of glycerin extract of pig’s pancreas, the values increase 
steadily as the amount of ferment diminishes, so undoubtedly the 
correction applied must have been too small. With glycerin extract of 
man’s pancreas, the values were fairly constant with from 1 to ‘125 ec. 
of ferment, whilst with woman’s pancreas extract the constancy ex- 
tended more or less to the ‘0625 cc. ferment value. With 2 c.c. of 
ferment, however, distinctly too high a value was obtained. This 
was probably due to the paralysing effect of the glycerin, for other 
observations showed that glycerin had such an effect. The glycerin 
extract of sheep's pancreas gave the most constant series of values 
obtained, they varying but little with from 2 to (125 cc. of ferment. 
Alcohol extract of ox pancreas gave a moderately concordant set of 
values, but one of the numbers obtained with aqueous extract of 
dog’s pancreas was very divergent, 

It must be admitted, I think, that these values are sufficient to 
prove that the rate of digestion does in reality vary in proportion to 
the square root of the quantity of ferment present, though they are not 
so constant as could be desired, or as might be expected considering 
the care taken in determining them. The deviations are probably due 


to the extreme sensitiveness of the — to very slight differences in 
the conditions of digestion. 


“a 
q 
Puy 
ur 
4 
“J 


ACTION OF “TRYPSIN.” 


From the results already discussed, it will be seen that in order to 
accurately compare the ferment strength of different extracts, it would 
be necessary to determine the rate of destruction of the ferment, as_ 
well as the actual digestion time, and then to calculate what the 
digestion time would be supposing no ferment at all had undergone 
destruction during the course of digestion. Such a procedure would 
be too laborivus for ordinary comparisons of proteolytic power, which 
do not as a rule require great accuracy, so it was thought sufficient to 
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determine a series of values, representing the means of the relative 
digestion rates of the extracts mentioned above, and to use these as 
the basis of a table for calculating tryptic values. Accordingly the 
digestion time values for the alcohol extract of dog’s pancreas and the 
six extracts given in the above table have been plotted out in the 
accompanying figure, and a mean smoothed curve drawn through 
them. 

In each case, the volume of ferment required to give a digestion 
time of exactly 30 minutes was calculated, and this was divided into 
the other volumes. For instance, in the case of alcohol extract of dog’s’ 
pancreas, it was calculated that ‘39 c.c. of extract would be required. 
Now it was found that for a digestion time of 17°7 min., 1 c.c. of extract 
was necessary, or 2°56 times that required for a 30 minutes’ digestion 
time: for a digestion time of 80°4 minutes, ‘125c.c. of extract, or ‘32 
times that for a 30 minutes’ digestion time, and so on. Digestion time 
values relative to that at 30 minutes taken as unity, have been calculated 
in a similar manner for the other six extracts, and the numbers so 
obtained plotted out in the figure. It will be seen that many of them 
are not in close agreement with the mean curve, but it is impossible 
that this should be so, considering the differences in reaction to sodium 
carbonate shown by the different extracts. In the accompanying table 
are given the volumes of ferment required to give digestion times of 
from 12'5 to 320 minutes, as determined from this mean curve. By 
means of it one can calculate the tryptic value of an extract without 


of Digestion Volume of of Volume of 

12°5 8°81 24 1°337 46 564 115 "190 
13 8°47 25 1°265 48 120 
135 8°20 26 1-200 50 *510 130 *167 
14 8°00 27 1°145 52 *485 140 "1538 
14% 2°83 28 54 462 150 
15 2°69 29 1°047 56 “441 160 "138 
15°5 2°56 80 1-000 58 *422 170 125 
16 2°45 81 955 60 404 180 117 
16°5 2°35 32 912 64 190 "110 
17 2°26 33 872 68 B48 200 103 
17°65 2°17 84 "835 72 220 093 
18 2°08 35 “800 76 *807 240 085 
18°5 2°00 36 “767 80 *290 260. ‘078 
19 1-916 87 "740 85 272. 280 “072 
19°5 1°833 88 90 800 067 

89 691 95 820 063 
21 1618 40 669 100 9226 
22 1°510 42 105 ‘213 
23 1°417 44 *595 110 *201 


any trouble, and with a moderate degree of accuracy. It was necessary 
to choose some arbitrary standards of time and amount of extract, so. 
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30 minutes was chosen as the former, and 1 cc. as the latter. 
Supposing, therefore, 1 c.c. of extract digested 80°/, of fibrin in 
30 minutes, its tryptic value was said to be 10. Or iftn ce. of extract 
digested the fibrin in 2 minutes, then the tryptic value would be equal 
‘ 10 x (equiv. of x) 

of extract corresponding to the digestion time found) must of course — 
be determined from the table. If 1 cc. of extract be used, then it is 
necessary only to multiply the appropriate equivalent by 10: eg. for 
a digestion time of 13% minutes, the tryptic value is 32°0; of 
60 minutes, 4°04; and of 200 minutes, 1:03. For digestion times 
intermediate between those given in the table, intermediate values 
must be calculated. 

In the table of digestion times for alcohol extract of dog’s pancreas 
given a few pages back, the tryptic values are recorded in the last 
column. Though the digestion time varied from 11°8 to 176 minutes, 
the tryptic values, as calculated from the equivalents in the above — 
table, kept more or less constant throughout. Hence a mean of the 
whole of them may be taken to represent the tryptic value with 
considerable accuracy. Unfortunately all the extracts do not give so 
even a set of values. With an extract very sensitive to sodium 
carbonate, they gradually get smaller and smaller the less the volume 
of extract added, and with one insensitive to sodium carbonate, 
gradually bigger and bigger. In such cases, the mean tryptic value 
is calculated only from the more or less constant values, those for small} 
quantities of ferment, with digestion times of 80 to 100 minutes or 
more, being as a rule rejected. | 

In order to calculate the percentage of ferment eee on 
exposure of an extract to sodium carbonate at 38°, one obviously needs 
only to transmute the digestion times found before and after exposure 
into the corresponding tryptic values, and to determine the ferment 
destruction from them. 


The equivalent of # (1.e, relative number of c.c. 


SUMMARY. 


_ The method suggested for the estimation of the tryptic value of a 
pancreatic extract may be epitomised as follows: Introduce about 
18 c.c. of finely chopped fibrin into a 10c.c. graduated tube filled with 
: water, and centrifugalise for two minutes. Carefully read off the 
i volume of fibrin, now reduced to about lc.c. Replace 5 c.c. of the 
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- water by 2°/, sodium carbonate, and allow the fibrin to swell for an 
hour at 38°. Then withdraw 6 c.c. of the 1°/, Na,CO,, and replace 
it with water+1c.c. or less of the extract to be tested. Shake up 
the tube from time to time, and when all but about -4c.c. of the fibrin 
has undergone solution, centrifugalise again for one minute, and read 
off the volume of fibrin remaining. This is now reduced to about 
‘2c.c., so one has determined the time of digestion of about 80°/, of 
the fibrin originally taken. This time is corrected to exactly 80 °/, 
digestion by meansyof a table, and then from another table the 
relative tryptic value can be ascertained. 

This method is a fairly rapid one, the necessary manipulations for 
each estimation taking only about a quarter of an hour altogether. 

It was found that trypsin is very rapidly destroyed by sodium 

rbonate, an active extract kept at 38° with ‘4°/, Na,CO, having about 
ay, of its ferment destroyed in an hour! 1°/, Na,CO, destroys over 
80°/,, whilst pure water may destroy over 30°/, per hour. On in- 
vestigating this phenomenon in a series of glycerin, alcoholic, saline 
and aqueous extracts of human, dog, pig, sheep and ox pancreases, 
which had been kept for some months, it was found that only the most 
active (z.¢. least deteriorated) of these extracts showed this extreme 
sensitiveness to sodium carbonate, the least active, with about a 
hundredth the tryptic power, having only about 7°/, of their ferment 
destroyed per hour by -4°/, Na,CO,. Extracts of intermediate degrees 
of activity showed intermediate degrees of sensitiveness, or the de- 
_ structive action of the sodium carbonate on the ferment diminished 
concomitantly with the activity of the extract. From this it seems 
to follow that the ferment trypsin is not a single chemical substance. 
It appears rather as if there were a series of “ trypsins” of gradually 
increasing degrees of stability, so that when an extract is kept, and 
gradually deteriorates, the most sensitive trypsins are first destroyed, 
and the least sensitive ones last. 

The law enunciated by Schiitz, and by Borissoff, that the rate 
of digestion varies as the square root of the quantity of ferment 
present, was confirmed. It was necessary to allow for the ferment 
destroyed during the course of digestion. 


(The expenses of this research were in part Setvayrndl os out of a grant from 
the Government Grant Uamunrtes of the Royal Society.) 
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INTESTINAL ABSORPTION OF MALTOSE. By E. 
WAYMOUTH REID, Professor of Physiology in — 
College, Dundee, St Andrews University. 


In some previous experiments upon intestinal absorption, the sugar 


employed has been glucose, a sugar probably only formed in small 
amount in normal digestion, and it therefore appears necessary to 
determine whether its use instead of that of the main carbohydrate 
end-product of intestinal digestion, viz. maltose, occasions any differences 
of note. 

The mass of the maltose of snceehiie digestion appears to be cokes. 
lysed before reaching the blood, though some disaccharide (isomaltose ?) 
according to Pavy and Siau’ and others is also present in that fluid. 
Furthermore the seat of hydrolysis is certainly chiefly located between 
the inner surface of the gut lumen and that of the capillaries of the 
villi, the blood of which carries off the absorbed sugars, for though 
the succus entericus contains a ferment hydrolysing maltose as well as 
a diastase? the hydrolysis of maltose introduced in solution into the 
lumen of the gut is of slight extent and may indeed escape analytical 
detection over the periods of time required for absorption experiments. 
One finds that when a solution of maltose is introduced into an un- 
injured loop of dog’s intestine, previously washed out with warm saline, 
the fluid remaining in the gut after a quarter of an hour, a convenient 


period for absorption experiments with solutions, contains little and 


sometimes no glucose. 
| 15 minute periods (Dog). 


t of maltose 

(1 80 cms. 
2 60 ,, 46 ,, 
3 50 ,, 3°4 ,, 
(4 50 ” ” 


1 This Journal, xxvt. p. 282. 1901. 
Hamburger, Pfliiger’s Archiv, ux. p. 543, 1895. 
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The method of estimation of the amount of maltose hydrolysed 
during the sojourn of the solution in the intestine was as follows: 

After estimating the relative reducing powers of a solution of the 
sample of maltose used, before and after hydrolysis by acid, the reducing 
power of a volume of the solution removed from the gut and boiled at 
once (to destroy ferment), was compared with that of an equal volume 
of the same solution completely hydrolysed by acid. The rise in 
reducing power thus occurring was noted, and was compared with that 
of a solution of pure maltose upon hydrolysis, as previously determined. 
' The more maltose has been hydrolysed by the action of the gut, the — 
_ greater will be the shortage jn rise of reducing power of the solution 
removed from the gut when treated with acid, as against that of a 
solution of pure maltose. If the rise of reducing power of a solution 
of pure maltose on hydrolysis by acid is 2, and that of the solution 
removed from the intestine is y, «—y is the shortage, and the propor- 
tion of maltose to glucose in the mixture removed from the gut is as 
y:«—y, from which the extent of conversion is obtained. 

Seeing that a slight hydrolysis of maltose may occur within the 
lumen of the normal gut under the experimental conditions, it was 
thought advisable to, in all cases, estimate the maltose after complete 
hydrolysis by acid, using a factor empirically determined from the 
sample used throughout the experiments. 

The particular sample of maltose hydrate (Kahlbaum) used, 
yielded about 97°/, of its weight in glucose by heating for 3 hours on 

a water bath in the presence of hydrochloric acid solution added to one- 
tenth of the volume of the solution, and using the Allihn-Soxhlet 
gravimetric method for estimating the glucose. 


ver of glucose estimated 


cent. of maltose 
Time of heating weighed 
3 hrs. 97°0 
a 96°6 (10°, of phospho-tungstic acid present) 
97°1 ” ” ) 
973 
97°14 


Since a vield of glucose 97 °/, of the weight of the maltose Stes 
taken means 102'1°/, of maltose anhydride (for which the concentrations 
of the solutions used in the experiments were adjusted), the working 
factor for translation of weight of glucose estimated after hydrolysis by 
acid to maltose anhydride originally present in the solution, was ‘979. 
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In the case of solutions removed from the gut, the proteids were 
removed by heating with phospho-tungstic and - hydrochloric acids, 
cooling, and filtering. 

If the filtrate was of glucose, it was nearly neutralised, made up to 
_ & known volume and the estimation proceeded with at once. If the 
filtrate was of maltose, the hydrochloric acid was raised to ten per cent. 
by volume of the commercial solution, and after three hours on the 
water bath with inverted condenser, the contents of the flask were 
cooled, nearly neutralised, made up to known volume and estimated. 
It was usual to take one-sixth of the final volume for a glucose estima- . 
tion. The recovery of maltose by this method is good from solutions 
considerably richer in proteid than those removed from the gut in the 
experiments, 

Thus when ‘5 grm. of maltose anhydride was dissolved in 180 c.c. 
of 6°/, NaCl solution holding 1 grm. of serum albumin, 98°64°/, of the | 
maltuse anhydride weighed out was estimated, in the final fluid. 

It was first considered desirable to compare the relative rapidities 
of dialysis of the samplés of maltose and glucose used, throngh parch- 
ment paper into mechanically stirred and changed ox serum, and these 
determinations were conducted exactly after the fashion Rormeny 
described for glucose and peptone in a former paper’. 

The pairs of dialyser tubes were tested for leaks by a preliminary 
dialysis experiment with glucose, and if found satisfactory, well washed 
and soaked over night in distilled water before use in the actual 
experiment. 

The results of these experiments are given in Table I. 

It will be seen from this table that the ratio of rapidity of dialysis 
of the sample of glucose to that of maltose into serum through parch- 
ment paper at 38° C. was in the mean about 1°8. 

The experiments upon the intestinal absorption of glucose and 
maltose were all conducted upon the largest dogs obtainable, anwsthe- 
tised with chloroform and from 3 to 5 milligrammes per kilo body 
weight of morphia hydrochlorate. The method was the “two loop 
method,” and the operative procedure that previously described’. 


In Table II. will be found the results of experiments upon the © | 


absorption of maltose and glucose in normal loops of intestine. 
From these experiments it is evident that the rate of uptake of 
maltose and glucose in the intestine has no relation to the relative 


1 This Journal, xxt. p. 408. 1897. 
2 This Journal, x1x. p, 256. 1896. 
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432 E. W. REID. 
rates of dialysis of these substances into stirred serum through a parch- — 


ment paper membrane. Whether the experiment last five, fifteen, or 


thirty minutes, whether the solution in the gut concentrates as in the 


first four experiments, or remains at-constant concentration as in the | 


fifth, or whether the maltose or the glucose solution be in the loop of 
intestine nearer the cecum, mee two substances leave the gut lumen at 
the same rate. 

“ Diffusion” is apparently no more here the prepotent factor ae 
in absorptions of commercial peptone solutions’. — 

It seemed of interest to pursue the matter a little further and to 
make some experiments with the epithelium largely removed by the 
method of anzmia detailed in a previous paper’. 

Before proceeding to such however it was deemed advisable to 
determine whether the process required for removal of the epithelium 
has any effect upon the conversion of maltose to glucose within the 
lumen of the gut, especially as the procedure leads to a hyperemic 
condition of the intestine, after the blood vessels have been unclamped, 
previous to the actual experiment. 

It was found that much more maltose is converted into glucose in - 
the gut lumen as a result of the procedure necessary to denude the 
mucosa of epithelium, than over a similar period of time in normal 
loops. 

Thus in an experiment in which in a normal loop of 50 cms. length 
the unabsorbed portion of an introduced maltose solution contained no — 
detectable glucose, in the denuded loop in the same animal, the length 
of the loop and the experimental time (15 mins.) being the same, 
as much as 31°5°/, of the maltose in the fluid remaining had been 
hydrolysed. 

It is unfortunate that the cellular origin of the ferment here con- 
cerned has not yet been determined with certainty. 

The blood ferment present in the plasma described by Bial® can 
penetrate the capillary wall since it is found in the lymph according to 
Réhmann*‘. Bial has proved that it does not originate in blood cells, 
and the statement of E. Cavazzani° that the portal blood is richer 
in this ferment than the blood of other parts might suggest an in- 
_ testinal origin, especially as dead gut membrane was found by Tebb* 


1 This Journal, xx1. p. 408. 1897. 2 Phil. Trans. RS. 192 B, p. 240. 1900. 
3 Pfhliiger’s Archiv, tu. p. 187. 1892, and tiv, p. 72. 18938. . 

4. Pfliiger’s Archiv, um. p. 157. 1892. 5 Arch. Ital. d. Biol. xx. p. 241. 1894. 
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to be more active in the hydrolysis of maltose, than any other of a 
large number of tissues tested. Brown and Heron? concluded that 
the ferment does not arise in the Lieberkiihn glands, and I find that 
atropinisation of a dog to the extent of 2 milligrammes per kilo 
: does not reduce the activity of conversion of maltose in denuded loops 

i of gut. 

| It will be interesting to determine whether hyperemia of the in- 
testine without detachment of epithelium increases the hydrolysing 
power of the blood and at the same time to take note of the appearances 

of the specialised cells of the villus stroma described by Heidenhain? 
and Hardy and Wesbrook*. That the ferment-action within the 
gut is greater when the epithelium is removed by the method I have 
used is quite evident, but whether the ferment is produced in larger 
amount (as a result of the hyperemia), is accelerated in action by pro- 
duction of other substances, or simply gains access more easily, is, at 
present, undecided. 

It is therefore not surprising to find that, in loops of intestine: 

denuded of epithelium by the method of previous anemia, though the 
actual amounts of maltose and glucose absorbed in a given time are 
reduced, yet the ratio rises only slightly. Such oe are in- 
cluded in Table III. 
In this table it is evident that the amounts of glucose and maltose 
absorbed are less over equal periods of time than in the experiments 
included in Table II. A fact attributable partly, one would think, to 
the fall of concentration of the solutions as a result of the grave inter- 
ference with the water uptake. 

The ratios are a little higher than those in Table II. but do not. 
reach the dialysis results of Table I. 

In these denuded loops one is dealing probably in the main witha 
simple diffusion, but the hydrolysis of the introduced maltose is going 
on so much faster than normal, that where the solutions are in contact 
with the denuded gut wall, they are so approximated in composition 
that there is a far smaller difference in the rate of diffusion than is 
evident in the dialysis into serum, where, since ox serum was used 
(see Cavazzani loc. cit.) there is but little ferment, and where parch- 
ment paper, known to be very slowly permeable by ferments‘, inter- 
venes, 


1 Proc, R.S. xxx. p. 393. 1880. 
2 Phliiger’s Archiv, Suppt. 1888. This Journal, p. 490. 1895. 
* Chodschajew. Archives de Physiologie, x. p. 241. 1898. 
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If however the intestine is roughly handled by rolling between the 
fingers after renewal of the blood stream subsequent to the anzmia, 
and while the epithelium is being shed, it is quite common to get | 
ecchymoses of the mucosa as a result of impairment of circulation. In 
such cases the value of the ratio of the dialysis experiments is nearly or 
quite reached, as is evident from the following experiments in Table IV. 

As this is naturally a condition of the gut which one aims at 
avoiding, I unfortunately have no estimations of the maltose hydrolysis 
in such cases, though one would expect to find it very slight. 

In conclusion then it would appear that in the normal gut the 
uptake of maltose and glucose is independent of the relative rates of 
diffusibility of these substances, and that only by very severe injury to 
the mechanism of the gut wall can one cause these substances to leave 
the gut at the same relative rates as those at which they diffuse through 
parchment into serum. : 

Since the ferment in the gut wall which normally hydrolyses maltose 
does not enter the lumen to a large extent provided the epithelium is 
intact, and since its effects are very°much more marked in the gut 
when the epithelium is removed, it is suggested that the ferment is 
produced below the level of the deep ends of the epithelial cells and 

probably in some of the specialised cells of the villus stroma. 
| Finally I have to thank my assistant Mr F. A. St John for much 
assistance in carrying out the experiments. | 


(A grant towards the expenses of this work was received frou the 
Scientific Grants Committee of the British Medical geass 


A preliminary experiment as to whether hypersmia of the intestine 
as a result of massage does or does not increase the maltose and starch 
hydrolysing power of the blood has been made since the above paper 
was written, and so far as the action on maltose is concerned gives 
slight support to the hypothesis hinted at on p. 432, viz. that the 
ferments in the blood acting upon maltose and starch may be of 
intestinal origin. 

_ Since blood-letting raises the reducing power of the blood left in 
circulation’, and since chloroform narcosis also raises the reducing 


1 Schenck, Pfluger’s Archiv, vu. p. 553. 1894. 
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power of blood!, the reducing power of the serum of the blood used for 
the fermentations was estimated by a method previously described’ in 
the samples drawn before and after the massage, and calculated as 
glucose. The glucose produced during the fermentation was discounted 
in each case by the amount thus estimated as added in the serum used 
to produce the hydrolysis. 

The data of the experiment are as follows: ee 18 kilos. Fasting. 
Anesthesia by chloroform, Abdomen opened. 150 c.c. blood drawn | 
from carotid—called A. Massage of small intestine for 14 minutes 
(Hyperemia, but not so marked as in cases where anemia has been 
previously established). Another 150 c.c. blood drawn—called B. 
(Cannule and vessels had been steam sterilised.) Serum by centri- 
fugal machine. Reducing power of serum A and serum B estimated. 

5 cc. serum A and 5c.c. serum B added to 50 c.c. of 1°/, maltose 
and to 50 c.c. of 1°/, starch solution. (Pipettes, vessels, and solutions 
had been steam sterilised, and a drop of chloroform was added to each 
solution.) Incubation for 5 hours at 40°C. Reducing power of equal 
volumes from flasks estimated before and after complete —— 


by acid. 
Per cent. weight of maltose Per cent, weight of starch 
hydrolysed by t of blood. hydrolysed by ferment of blood. 
A B A B 
57°80 65°75 5101 234 


The result might be explained by assuming an actual increase of 
ferment, but on the other hand might be due to the production of 
other substances increasing the activity of the ferment present in 
unaltered amount as in the well-known effect of asparagine and various 
inorganic substances on the ae * of malt diastase. 


1 Garnier and Lambert, Journ. de Physiol. et de Pathol. générale 11. p. 902. 1900. 
— 1896. 
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TRANSPORT OF FLUID BY CERTAIN EPITHELIA. 
By E. WAYMOUTH REID, Professor of Physiology i 
niversity College, Dundee. St Andrews (Seven 


Figures in Text.) 


In a recent paper‘Otto Cohnheim! has experiments with 
the “surviving” small intestine of the cat, proving the possibility of 
absorption of fluid introduced into the lumen under conditions exclusive 
of osmotic or hydrostatic transfer, and with estimation of the “soakage ” 
error by weighing before and after the experiment. I published a 
short account of some experiments demonstrating the same thing in 
1892’ with the exsected intestine of the rabbit, though Dr Cohnheim 
was not aware of the existence of my paper at the time he wrote. 

It is the object of the present note, while recalling my earlier 
experiments to memory, to confirm the correctness of those of Cohn- 
heim, and to further insist upon the fact that secretory transport of 
fluid is also capable of demonstration in exsected and surviving tissue 
containing glandular apparatus. ; 

I have repeated Cohnheim’s experiment thus:—A cat is de- 
capitated, the issuing blood collected, and defibrinated. The abdomen 
is opened, the small intestine removed, and placed in a bath of ‘9 "lo 
salt solution at body temperature. A suitable length of intestine is 
taken (usually half the total), washed out with the warm saline from 
a burette, and an observation tube (subsequently provided with a scale) 
tied in at one end. The defibrinated blood is diluted with**9°/, salt — 
solution at body temperature, and after filling in a measured volume 
through the end of the intestine opposite to that provided with the 
observation tube this end is closed and the viscus plunged into a 
beaker filled with the same warm diluted blood with which the lumen 
has been filled. Beaker and contained viscus and dilute blood are 
removed to a thermostat at 40° C. provided with a glass door for 
observation and oxygen gas is bubbled through the fluid in the beaker. 
The experiment is ready in about twenty minutes after decapitation. 


1 Zeitschr. f. Biologie, xx. 8. 418, 1899.  * Brit. Med. Journ. May 28th, 1892. 
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_ The level of the column of dilute blood in the observation tube 
(held vertical by a clamp) is observed from time to time, and at the 
end of the experimental time the contents are measured by volume 
and contrasted with the volume originally introduced. 

It is the rule for the top of the column of fluid to drop during the 
first hour or so after setting up, but in all cases, as Cohnheim states, 
the volume of fluid removed is less than that introduced. Peristalsis 
of the exsected gut is usually vigorous, and the resultant rise and fall 
of the meniscus in the tube, superposed upon the more steady decline, 
makes it difficult to give any satisfactory graphic representation of the 
latter. In some cases there is no evidence of peristalsis, but this does 
not affect the disappearance of fluid from the lumen, and since fluid is 
absorbed in the absence of peristalsis and when there is no observation 
tube giving a head of fluid it is evident that, as Cohnheim has — 
the result is not a simple filtration. 

By turning the piece of intestine inside out it should be sailide 
to get a rise in the tube, It is very easy to intussuscept the whole 
of the small intestine thus. A long wire is supplied at one end with 
a V-shaped terminal bearing an- eyelet at the tip of each branch. This 
is passed through the gut as it lies in the bath of saline, and on 
appearance of the eyelets at the distal end these are stitched to the 
wall, Saline under slight pressure is now forced through from the — 
proximal end and by Che the wire through complete inversion is 
easily effected. 

In such inverted pieces of “surviving” gut two differences are 
noted at once from what occurs in the normal:—1l. The fluid rises in 
the observation tube; 2. Peristalsis is very much, reduced. 

Fig. 1, p. 438, is a chart of the rise of the fluid in the observation 
tube 1 in such a case. 

It/ig however surprising at first sight that though the rise of fluid 
in the observation tube is so marked with the inverted gut, yet no 
increase of volume of the contained fluid can be detected at the end 
of the experiment, consonant with the decrease of volume constantly 
observed in the “normal.” experiment, in which the fluid in the 
observation tube usually falls. 

In the inverted gut the musculature, normally in the position of 
the greatest circumference of the wall of the tube, is placed in the 
position of least circumference, 7.¢. it is compressed, whereas the 
mucosa, having passed from the position of least circumference which 
it normally occupies to that of greatest, is stretched by the inversion, 
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If the muscle is tending to expand and the mucosa to contract it is 
evident that the submucosa between the two must be compressed. 


Fig. 1. Intussuscepted intestine of cat. 
_ Curve plotted from observation every five minutes of level of fluid in vertical tube tied 
into gut. Fluid inside and outside—defibrinated blood of the cat diluted with 
9°), NaCl solution. Oxygen passed through fiuid outside. 
post mortem. 
Ordinates, 2 divisions =1 division of scale attached to tube. 


Abscissa, 2 divisions =5 minutes. 
Excess of Hydrostatic pressure inside: 77:4 mm, of fluid at start, and 105 mm, at finish. 


Temp. 37°C. 


Measurements of the depth of the submucosa in sections of normal and 
‘inverted cat’s intestine, hardened, infiltrated with paraffine wax, and 
cemented to the slide before removal of the wax, show that this is so. 


Depth of submucosa (ileum of cat) in divisions of micrometer. 
Normal Inverted 
20 10 
20 11 
22 115 
21 12 
20 
103 


Obviously then the vessels of the submucosa, and also those piercing 
F the musculature to gain the mesentery, are compressed by the process 
’ of inversion. It is easy therefore to understand why the volume of 
fluid inside the inverted intestine does not increase, because the way 
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through from the epithelial surface outside to the openings of the cut 
vessels inside is blocked by compression of the vessels. Yet the lumen 
of the inverted gut is narrowed, for the fluid in the observation tube 
rises. The most natural explanation is, of course, a tonic contraction 
of the stretched muscularis mucosa of the mucous membrane or even of 
the proper muscular coats. 

Simple as this explanation is I do not believe it is the whole by 
any means, and it would appear that the rise of fluid is partly an 
indirect result of epithelial action. 

My reasons for this opinion are as follows. In the first place the 
rise in the tube ceases after one, or one and a-half hours, rather abruptly, 
and at a time when muscular activity is quite evident by the slight 
peristaltic movements imparted to the fluid, and the fluid begins to 
descend later with peristaltic oscillation still evident. In the second 
place measurement of the submucosa of inverted intestine before and 
after an absorption experiment, and when the precaution is taken of 
fixing the gut with sublimate without opening the submucosa, shows 
that the depth is greater after than before an absorption experiment, 
and the vessels are often evidently more distended. The material is 
of course infiltrated with paraffine wax before cutting and the sections 
cemented to the slide before removal of the wax. 


Depth of submucosa in micrometer divisions. 
Inverted intestine (Cat). 


Before experiment 10, 11, 11°5, 12, 11, 12, 10, 11, 115,10, 10 =119. 
After experiment 16, 13, 14, 15, 16-5, 13°0, 12, 13, 15, 13°5, 125=153°. 


I believe then that the rise of fluid in the observation tube connected 
with the inverted gut is partly a result of diminution of lumen by 
inpushing of the musculature as a result of accumulation of the absorbed 
fluid in the vessels of the submucosa, the mesenteric terminations of 
which are compressed by the process of inversion. 

At the same time it is evident that, even if a tonic muscular 
contraction has nothing to do with the rise of fluid im the tube, the 
method will not, as at first sight it promised to do, serve for study of 
transport of fluid by epithelia in surviving tissue, because with the 
increasing tension in the submucosa (supposing the explanation offered 
to be correct) a curve plotted from the level of the meniscus at successive 
time intervals cannot be a truthful index of the motion of fluid through 
the epithelial cells. 
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I believe therefore that the method I originally used, in spite of 
certain disadvantages, is more suitable for such a — This method 
was as follows: 

A double layer of baudruche (stocked in saline to avoid imbibition 
error) forms a vertical membrane between the two halves of a horizon- 
tally placed cylindrical glass vessel, each half having a horizontal 
observation tube (Fig. a). The epithelial membrane lies between the 
two layers of baudruche bathed with normal saline on both sides, and any 
transport of fluid, and the direction thereof in relation to the orientation 
of the cells of the membrane, should be evident, by diminution of 
volume of fluid in the vessel on one side, with concomitant increase of 
that on the other as gauged by the levels of the menisci in the obser- 

vation tubes. 


The disadvantages of the apparatus are firstly that since a dise of 
living membrane has to be used only small pieces can be got, and so 
the apparatus must be small and especially must the observation tubes 
be of fine calibre. This necessitates care to avoid temperature variation, 
indeed working at room temperature ; a procedure suitable enough for 
cold-blooded mucosa but not for those of mammals, Secondly, no 
oxygenation is possible, an important factor for the life of intestinal 
epithelium at any rate. 

Nevertheless with this apparatus I was able to demonstrate the 


1 Full description Brit. Med. Journ. Feb. 13th, 1892. 
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Fig. 2. 3 Fig. 4. 

Fig. 2. Ileum of rabbit in full digestion. Absorption curve. 
Continuous line=tube to outer surface. Rise of fluid. 
Dotted line=tube to inner surface. Fall of fluid. 
Straight line in middle=zero of the apparatus at commencement of experiment. _ 
Ordinates, 1 division=1 mm. of observation tube= 1°64 cubic millimetres, 
Abscissa, 1 division=5 minutes. 
Experiment starts 16 minutes post mortem. Temp. of saline on either side of membrane 

15° to 15°8°C. 

Area of disc of intestine 452 sq. mm. taken 165 cms. from pylorus and 80 cms, from cecum. 


The asterisk on each curve marks the point where reduction of volume from “imbibition” 


becomes evident. 
Fig. 4. Ileum of normal rabbit. Reversal of stream by Pilocarpine. 
Two portions in two separate pieces of apparatus. 
A. Normal saline on either side. | 
B. The same holding ‘025 °/, of nitrate of pilocarpine. 
In A there is a rise in the tube connected to outer surface, and a fall in that connected to 
inner surface, i.e. absorption. | 
In B the reverse is the case, i.e, secretion. 
Temp. 8°5°C. Record starts 20 minutes post mortem. 
Pieces of gut used taken about 105 oms. from pylorus. 


3 
ry 
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| All other data ag in Fig. 2. : 
ya 


44.2 E. W. REID. 


process subsequently described by Cohnheim, but found that the 
mucosa of the intestine of the rabbit would only give evidence of fluid 
transport of “ physiological” origin when taken from an animal in full — 
digestive activity; in fact the cells had to be very active to withstand 
the adverse conditions of low temperature and deficient — 
imposed upon them by the method. | 

The advantage of the method is that it gives a reading Sicia both 
sides of the membrane, which is not the case in that of Cohnheim, 
and so makes the observer a little more sure that what he sees is the 
result of a transport of fluid, and not of some complex of physical 
changes simulating the same. So long as the motion of fluid in the 
tubes is in opposite directions it is probable that one is observing an 
actual transport of fluid, but this soon falls off in rapidity and then 
ceases (for the death of the cells is more rapid than in Cohnheim’s 
method as a result of bad temperature conditions and deficient oxygen- 
ation), and when the columns of fluid both move in the same direction, 
namely that indicative of diminution of volume in the vessels on either 
side of the membrane, it is evident that one is simply observing an 
imbibition process on both sides of the no longer active membrane. 

Fig. 2 taken from my previous paper (loc. cit.) is an example of the 
class of curve that is plotted from observation with the mucosa of the 
rabbit's ileum in the apparatus mentioned. 

As has been already mentioned it is also ‘ittaniiole to demonstrate 
secretory transport of fluid by this method, and instances are now given 
from the intestine of the rabbit, the gastric mucosa of the toad, and the 
skin of the frog during the breeding season. 

The curve in Fig. 3 was obtained from a piece of ileum from a 
rabbit which as the result of a chill was suffering from diarrhoea. It is . 
_ evident that the motion of fluid is in the reverse direction to that in 
Fig. 2; it is from the outer to the inner surface instead of in the 
opposite direction. 

Fig. 4, though a poor curve Csinalets, I believe, on account of the 
low temperature (8°5° C.) but also on account of the fact that intestinal 
digestion had not commenced at the time the animal was killed) is 
interesting because by the exhibition of pilocarpine a reversal of the 
direction of the fluid current was obtained. In curve A the fluid 
bathing the piece of ileum was normal saline, while in curve B the 
saline contained 025 °/, of nitrate of pilocarpine. 

Fig. 5 gives a secretory curve from the gastric mucosa of the toad. 
The animal had been well fed 60 hours*before death, and the stomach 
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in addition to the remains of the meal contained much secreted mucus. 
A control experiment is given in the same figure from another (hyber- 
nating) animal which had not been fed, and it is evident that the 
result is quite different, there being simply a slight fall in both tubes 
(imbibition). 


Fig. 3. 


Fig. 5. 


Fig. 3. Ileum of rabbit with diarrhea. Secretion curve. 
Motion of saline reverse of that in Fig. 2, viz. rise of fluid in tube in communication with 
inner surface, and fall in tube to outer surface, 
Data same as for Fig. 2, except that temp. of saline 11° to 11°8°C. - Pinta ca 
15 minutes post mortem. 


Fig. 5. Gastric mucosa of toad (separated from musculature). 
The uppermost and lowermost curves are from the tubes connected to the inner and outer 
surfaces respectively of the mucosa of an animal 60 hours after a meal of worms. | 
The curves indicate secretion. 
The two middle curves are from a control experiment with the mucosa of an unfed 
hybernating animal. 
_ Temp. 14°2 to 14°3°C. for secretion experiment, and 18°2°C. for control. 
2. 


In Fig. 6 is ‘aie a secretory curve from the skin of a frog during 
the breeding season. As is well known the glands of the skin are 
especially active at this period and I have only obtained secretory 
curves from the skins of breeding animals. The usual curve from the 
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| frog’s skin, as I have indicated in a previous paper’, is one indicating 
absorption. 


+ 


Fig. 6. 


Fig. 6. Skin of frog during breeding season. ; 
inner surface, i.e. secretion. 
Temp. 6° to 7°C. 
Other data as in Fig. 2. 


1 Op. cit. 
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OBSERVATIONS UPON THE CHEMISTRY AND HEAT 
RIGOR CURVES OF VERTEBRATE MUSCLE, 
INVOLUNTARY AND VOLUNTARY. By SWALE 
VINCENT anp THOMAS LEWIS. (Ten Figures in Text.) 


(From the Physiological Laboratory, University College, Cardiff.) 


THE following is intended as a resumé of certain investigations, in- 
volving a large number of experiments, performed during the last six 
months, which it is hoped may help to throw some further light on the | 
Chemistry of Muscle, both voluntary and involuntary. — 

Our preliminary communication’ dealt chiefly with the chemistry of 
unstriped muscle, but we have since found it desirable to extend the 
inquiry so as to include striped muscle as well as unstriped, and other 
methods than purely chemical. 

Halliburton*® sums up our knowledge of the’ chemistry of in- 
voluntary muscle as follows :— 

“Our chemical knowledge of involuntary muscle is of a fragmentary 
nature. Like voluntary muscle, the heart becomes rapidly rigid after 
death, and simultaneously acid*, Both paramyosinogen and myosinogen 
are present in the muscle cells of the heart, and myosin is the result of 
coagulation. In the stomach and uterus, rigor has been ubserved, but 
in other forms of plain muscle it is difficult to recognise. A proteid 
coagulating at 56°C. has been obtained from all kinds of unstriped 
muscle. In a muscular tumour of the uterus, Kossel* found the one 

coagulating at 45° C. (paramyosinogen) to be absent. 
reaction of unstriped muscle is normally alkaline’; Lehmann® 
found small quantities of lactic acid in the muscular substance of the 
1 Proc. Physiol. Soc. Jan. 26,1901. (This Journal, xxv1.) 
2 Text-book of Physiology, ed. by Schifer, 1. p. 99. 1898. 


’ Boruttau, Ztschr. f. physiol. Chem. Strassburg, xvi. S. 513, 1894, ref. by 
Halliburton. 
“4 Quoted by Hoppe-Seyler, Physiol. Chem. 8. 669, reference by Halliburton. 
5 Bernstein (Kiihne’s Lehrbuch, 8. 332) found the actively contracting muscles of 
Anodon acid. 
© Lehrbuch, ui. 8. 73. 
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stomach after death, as in striated muscle. Du Bois-Reymond! 
observed in the stomach and intestines of birds that after death the 
muscular walls were still alkaline.” 

It is perhaps here desirable to refer very briefly to the work which 
has been done upon the subject of striped muscle. Kiihne’ found 
“muscle-plasma” to consist of myosin (the clot) and serum. The 
serum contained (1) a proteid coagulating at 45°C, (2) an alkali 
albumin, (3) a small quantity of albumin, (4) extractives and salts. 
Kiihne used the muscles of frogs. Halliburton’, using the method 
of fractional heat coagulation described four different proteids in the 
muscle-plasma, extending the observations to mammalian muscle :— 

(1) A globulin precipitable by heat at 47° C. (paramyosinogen). 

(2) A globulin precipitable by heat at 56° C. (myosinogen). 

(3) A third globulin precipitated at 63°C. (myoglobulin) in the 


serum. 


(4) Small quantities of an albumin (myoalbumin). 

v. Fiirth* has shown that if mammalian muscle is washed free 
of blood and lymph, the plasma obtained by extraction with normal 
salt solution® contains only two proteids (1) Myosin (paramyosinogen 
of Halliburton). A globulin coagulating at about 47°—50°C. 
(2) Myogen (myosinogen of Halliburton). Coagulates on heating 
at 55°—60°C. In frog’s muscle there is another body—soluble myogen 
fibrin—coagulating at 40°C.—which in mammalian muscle-plasma 
forms only on standing by transformation of the myogen. 

More recently Stewart and Sollmann‘ have repeated and extended 
the work of Halliburton and v. Fiirth, and have reached the con- 
clusion that “There exist in dead muscle two proteids, a true globulin, 
paramyosinogen, coagulating at about 45° to 50°, and an atypical globulin, 
myosinogen, coagulating at about 50° to 65°. The latter readily passes 
into a modification very similar to, if not identical with the former.” 
Farther, “In general paramyosinogen seems to be more abundant in 
dead muscle than myosinogen, or at least more of it is extracted. Y 
saline solutions like 5°/, magnesium sulphate’.” 


1 Monatsb. d. k. preuss. Akad, d. Wissensch. zu Berlin, 8, 812, 1859. 

2 Lehrbuch d, physiol. Chem. 8. 272; Untersuch. ii. re Leipzig. 1864. 

3 This Journal, vir. p. 138, 1887. 

* Arch, f. exper. Path. u. Pharmakol., Leipzig, xxxvi. 8. 231, 1895 ; xxxvm. 8. 389, 
1896. 

Halliburton 5°/, magnesium sulphate. 

6 This Journal, xxv. p. 427. 1899. 

7 Halliburton’s myoglobulin and myoalbumin are- regarded by most t 
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On the subject. of the Chemistry of Smooth Muscle Velichi* states 
that. he has separated by dialysis from the muscular tissue of the 
stomach two proteids, (1) A globulin showing a tendency to spontaneous 
coagulation and clotting on heating to 54—60°C. (2) An albumin 
precipitable by heat at 46—50°. 

In our preliminary communication on the proteids of uhettiped 
muscle* we arrived at the conclusions 1 to 3 given in the Summary 
at the end of this Paper, except as to the cause of - absence of 
param yosinogen. 

Our material for the greater number of experiments was obtained 
from the muscular coat of the sheep's stomach. From this source it is 
easy to obtain a large supply of unstriped muscle by carefully stripping 
off the mucous and serous layers. We have sometimes obtained as 
much as three or four hundred grams of material from one stomach, 
and even more than this could be procured. The stomach and rectum 
of the calf have also been employed. When small supplies only were 
necessary we have used the stomach of the dog or the rabbit. The 
sheep’s stomach has always been obtained immediately after death, and 
in many of our experiments the blood vessels have been kept attached 
so that we have been able to thoroughly wash out the blood from the 
muscle before making the extract. In the case of the rabbit we have, 
when it has been thought necessary to use material free from blood, 
washed out the blood vessels from the aorta, so as to obtain a blood- . 
free extract. 

We have used both v. Fiirth’s method and that of Halliburton 
in making our extracts. In many cases when the former method was 
employed we obtained a coagulum before the heating had proceeded 
more than a few degrees above the temperature of the room. In other 
cases we got precipitation at 47° or a temperature approximate to this. — 
We have, however, for the most part employed Halliburton’s method, 
viz. extraction with 5°/, magnesium sulphate. But we have not 
extracted at a low temperature ; we have not seen that any advantage 
is to be gained by this, since the extract made at laboratory tempe- 
rature, unless left standing a very long time, does not coagulate until 
the temperature is raised to the point at which the proteids are pre- 


workers on the subject to be not separate and characteristic proteids of muscular tissue, 
but due to the necessary small amounts of blood and lymph remaining in the muscle 
at the time of extraction. 

1 Centralbl. f. Physiol. xm. p. 351. 1898. 
_ ® This was before we had seen Velichi’s paper. 
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cipitated.. We have contented ourselves with cutting the muscle into 
small pieces, pounding with sand or broken glass, and subsequently 
filtering the extract. Sometimes we have used the extract at once, 


but frequently we have left the muscle in contact with the extrahent 


for 24 hours or more. 

As for the method of performing the heat coagulation experiment 
little need be said. We have placed our extract in a test-tube fitted 
with a thermometer, the test-tube being held in a large beaker of 
water which is gradually heated by a Bunsen burner. Occasionally we 
have had a second beaker outside the one. containing the test-tube, but 
we have not found this to be by any means a necessity. 

The average time taken to heat up the extract from the ——— 
of the air to about 70° has been about 35 minutes. © 


The following are illustrative experiments, showing the chief points in our prelimi- 
nary communications : 


Heat 
Exp. Source Extrahent Reaction of extract shone 


1. Sheep’sstomach NaCl Slightly alkaline Abundant #Opalescence 
ppt. at 49° at 65° 


2, 5°), MgSO, Neutral Opalescence Abundant. 
at 46° ppt. at 57° 
9. » NaCl Slightly alkaline Abundant No further 
7 | ppt. at 49° effect up to 70° 
ar of sheep 5°], MgSO, Acid Ppt. at 49° Not continued 
Stomach of sheep » Slightly alkaline ——— _ Ppt. at 64° 
at 
15. Calf stomach ‘9°, NaCl Neutral ppt. at 
temp. lab. 
16, Calf rectum 5°, MgSO, Neutral Slight Thick ppt. ie 
| opalescence 6 
at 47° 
20.2 Calf stomach 9%, NaCl Acid No ppt. at 


28. Leg of rabbit 5°/, MgSO, Made alkaline Abundant Not continued 
in excess ppt. at 47° 
| 1 The second ppt. on heat coagulation in involuntary muscle always appears at a 
higher temperature than the corresponding one in striped muscle extracts. 
2 In this experiment the muscle was in marked rigor mortis. | 


In many cases we have.performed dual experiments using an extract 
of striped muscle of the same strength as the extract of unstriped, and 
heating the two together in the same beaker. The extract of unstriped 
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muscle is always more opalescent than that of striped, and is less 
coloured with hemoglobin and myohematin (even when the blood 
vessels of both have been equally and thoroughly washed through). 

In the case of unstriped muscle, when the MgSO, extract has been 
heated to about 47°C. we have frequently obtained a very marked 
increase of the opalescence originally present. What this opalescence 
precisely is we cannot say. Even when so dense as to obscure the 
bulb of the thermometer in the test-tube we have been unable to 
detect any particles, and on filtering no change is observable. We 
consider however that its occurrence is the indication of very small 
quantities of the proteid which would produce a precipitate at that 
temperature if it existed in greater abundance. : 

The above experiments clearly show that extracts of ianeion’ 
muscle obtained with 5 °/, magnesium sulphate in the manner described 
above never give @ precipitate at or near 47° C., but only an increase in 
the original opalescence, while at or a little above 56° C. there is usually 
a precipitate. This last, however, ty Ge extracts is occasionally 
absent or replaced by a further increase 5% opalescence. 

At the time our preliminary communication was written we were 
inclined to attribute this to the almost total absence of Halliburton’s 
paramyosinogen in our extracts. But it must be noted that while fresh 
aqueous or saline extracts of skeletal muscle are always acid or ampho- 
teric}, those of plain muscle are neutral or alkaline; and it soon occurred 
to us that this might be the explanation of the difference in behaviour 
under heat coagulation of extracts of striped and unstriped muscle. 

It has been pointed out that the degree of acidity of extracts 
exercised a certain influence upon the temperature of coagulation of 
the proteids?: Stewart and Sollmann’, who worked with skeletal 


1 Cf. Stewart and Sollmann loc. cit. p, 437. , 

2 We shall not enter into a discussion of the general question of the value of the heat- 
coagulation method for the detection and separation of proteid bodies. See, however, 
Haycraft and Duggan, Brit. Med. Journ. p. 167, 1890, also. Proc. Roy. Soc, Edin. 
p. 361, 1888-89, and Haycraft, Centralbl. f. Physiol. m1. 8. 474, 1890; ibid. rv, p. 1. 
Halliburton on “ Proteids of Serum,” Journ. of Physiol. v. p. 159; for other references 
on this subject see Halliburton in Schafer’s Text-Book of Physiology, 1. p. 48, footnote. 
Halliburton pointed out that traces of acid lower, of alkali raise the temperature of 
coagulation (Journ. of Physiol. v. p. 165). But the difficulty we have had to face is not 
the effect of reaction upon the precise temperature at which proteids coagulate in a 
certain extract, but a closely allied one, viz. the effects of differences in reaction in 
two different extracts whose proteid composition is* iia investigated by the heat- 
coagulation method. 

3 loc. cit. p. 486, 437. 
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muscle, discussed the point as to whether the degree of the natural 
acidity may be supposed to some extent to influence the temperature 
of coagulation. But the extracts they employed were always freely 
acid, “fortunately so,” as they say, and such variations in reaction as 
did occur in their naturally acid extracts they considered would have 
little or no effects upon the amount of proteid coagulating at “may 
particular temperatures. 


Now the extracts of unstriped mien are neutral or alkaline, and 


Demant’ states that an alkaline extract [of striped — will not be 
precipitated at 47° even in several hours. 

In order if possible to settle this question we performed a series af 
‘ experiments in some of which we made striped muscle extracts alkaline 
while in others we rendered unstriped muscle extracts acid. In some 
of our earlier. experiments this was done without affecting the usual 


results (see Expts. 22 and 28). But on pursuing the matter further 


we found that the reaction made a greater difference to the results 
than we at first imagined. Halliburton, as already pointed out, 
has shown that the addition of acid to an extract containing a 
proteid lowers the point of coagulation. He goes on to say that 
by adding sufficient acid the temperature of coagulation may be 
brought down to the temperature of the laboratory. This last, how- 
ever, would, we consider, according to our own observations, as well 


as those of Stewart and Sollmann, loc. cit. p. 436, be best looked © 


upon as simply a precipitation of the proteid by the acid. 


We may instance the following as examples of the results ied 


by these observers :— 


“A 5°, MgSO, extract of the thigh muscles of a dog became turbid — 


at 45° and flaked at 55°. On adding to 25 c.c. of the extract five drops 
of 1°/, lactic acid, these temperatures became respectively 37° and 50°, 
and on adding to 25c.c., 2cc. of 1°/, lactic acid, the extract flaked 
at 39°.” 

It would seem to us from the figures here quoted that the amounts 
of acid used by Stewart and Sollmann were excessively large, especi- 
ally as the extracts with which they worked were already acid. Thus, in 
the first case, a 1°/, solution of lactic acid is used and the temperature 
of coagulation reduced through 5 degrees, after the addition of five 
drops. According to our observations on unstriped muscle extracts, 
which are usually alkaline, 8 or 9 of such drops would be sufficient to 


1 Zeitschr. f. physiol. Chem. us, 8. 241, 1879. 
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precipitate the proteid from 25 cc. of a 5 °%/, MgSO, extract at the 
ordinary temperature of the laboratory, and 2 c.c. of 1 °/, lactic acid 
would immediately cause a dense precipitate of proteid. The strength 
of lactic acid which we have used in the following experiments has 
been much weaker, being 1 in 2,000 or 1 in 1,000. The results of the 
addition of this strength of lactic acid to our 5°/, MgSO, extracts has, 
: given — results, which may thus be tabulated :— 


A 5°), MgSO, extract of muscle from seas 8 stomach. 


4¢.c, of this were placed in each of 20 test-tubes which were numbered 1, 2, 3 etc., 

and in each according to its number was placed 1, 2, 3 etc. drops of ‘1°/, lactic acid. The 

contents of the test-tubes were then submitted in the usual way to heat coagulation. The 
temperatures at which coagulation occurred were : 


2 3 5 


7 9 10 11 
7° 

62° 62° 41° 41° 41° 40° 40° 


On examining this table it will be seen that we have been enabled 
to prepare extracts of differing reaction which shall, as indicated by 
ordinary heat-coagulation methods, give precipitates according to one 
or other of the following modes :— 

L At or about 60° C. (myosinogen), 

: ’ Both near 40° and about 62° (paramyosinogen or soluble myogen 
fibrin and myosinogen). 

8. At or about 40° (paramyosinogen or soluble myogen fibrin 
only). 


We see then that it is possible by acidifying unstriped muscle _ 


extracts to bring them into a condition analogous to striped extracts, 
in that they show two proteids on heat coagulation, but it is to be noted 
that the temperatures of coagulation are about 47° and 56° in striped, 
while they are approximately 40° and 60° in unstriped. 

In this and all similar experiments it was found that on adding the 
acid in drops the results obtained through the series did not show a 
regular transition. In the experiment quoted it required fifteen drops — 
and only fifteen to bring about the change as indicated in the table, and 
in all cases of repetition with similar quantities, the fifteen “ie had 
precisely the same effect. 

The temperature of coagulation up to this number fifteen is seen to 
gradually be lowered, but at this point a sudden drop of twenty or 
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more degrees occurs—the effect of a single drop of the weak acid. We 

can only conclude that the presence of the fifteen drops in the above 

experiment is necessary for the advent of some constitutional change in 
the proteid present. 

The proteid so formed we are inclined to think’ is not paramyosinogen 

_ —as the temperature of coagulation is far lower than that of this proteid 


(in many experiments, of later date than the one quoted above, the 


precipitates at-this lower temperature were all under 35°)—but rather 


a form of proteid, either identical with or allied to v. Fiirth’s soluble , 


myogen fibrin. 

Spontaneous coagulation. We have found that unstriped muscle 
extracts in ‘9 °/, NaCl coagulate spontaneously at the temperature of 
the laboratory, just as do those of striped muscle. We have also noticed 


that in such cases, heat coagulation gives no precipitate at 47°. Velichi, — 
on the other hand, contrary to the view of v. Fiirth, states that the 


proteid showing the greater tendency to spontaneous coagulation is the 
one which coagulates on heating at the higher temperature. 


HEAT RIGOR OF MUSCLE—GRAPHIC METHOD. 


Owing to the many difficulties, some of which have been already 
discussed, surrounding the chemical method of inquiry as to the proteid 


constituents of muscle, we were led to employ the graphic method for 


recording changes in length-of pieces of muscle which were made to 
gradually undergo a rise of temperature. 

‘The method we have used is very similar to that previously 
employed by Brodie and Richardson’, and Vernon’. An iron 
bar clamped in a stand at one end and bent down at the other into 
“a beaker, has a small metal hook soldered to it. This forms the attach- 
ment of the lower end of the piece of muscle under investigation. The 
upper end is suspended by another hook attached by a very fine copper 
wire to the recording lever. The resistance employed was in some 
cases a fine spiral spring, in others a.weight passing over a small 
frictionless pulley. The waxed thread employed by Brodie and 

Richardson was shown to be disadvantageous by Vernon ® (loc. cit.), 


1 This Journal, xx1. p. 358, 1897, and Phil. Trans. oxot. p. 127. 1899. 
2 This Journal, xx1v. p. 289. 1899. 


Quoted by Kiihne, Myologische Untersuchungen, p. Som Brodie and 
Richardson. 
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who, however, left a small length of this in the apparatus he employed. 
We have completely eliminated any defect from this source by using 
metal throughout. The metal hooks have, moreover, a great advantage 
in point of simplicity of manipulation. 

Our recording lever has, as a rule, magnified the extent of change 
of length in the muscle ten times. 

We have always taken care that the load should be small, so as to 
obviate any fallacy from increased extensibility on raising the tempera- 
ture, Further, to completely eliminate other sources of instrumental 
error, and to check the results obtained by the above apparatus, we 
have performed a series of experiments in which we have taken long 
strips of the muscle and directly observed the changes in length at the 
different temperatures. The muscle was suspended in a large beaker 
of normal saline solution with a light load attached, and placed by the 
side of it was a millimetre scale. The changes in length at different 
temperatures could then be readily and directly observed. 

The only reference we can find to the effects of heat upon mam- 
malian striped muscle is the —. paragraph in the paper of 
Brodie and Richardson: 

“Bernard found that the sli of a rabbit became rigid when 
the chamber eontaining the animal was heated until its temperature 
rose to about 50°C. Kiihne’ found that the muscles of a rabbit or 
dog did not become rigid until the temperature reached 49° or 50°C., 
a temperature which, as he pointed out, corresponds with that necessary 
to produce the first coagulation in the muscle-plasma of these animals. 

He found further that’ in the case of the pigeon the temperature 
necessary was still higher, viz. 53°C.” 

Brodie and Richardson state that “On testing mammalian 
muscle by the method we have described we find that it only gives two _ 
contractions*, the first commencing at 44°C. and the second at 58°C. 
Mammalian muscle therefore differs from frog’s muscle in not giving a 
contraction at 34°C. This exactly coincides with the fact that fresh 
extracts of mammalian muscle contain no soluble myogen-fibrin. The 
two contractions which are obtained correspond in their temperatures 
to the coagulations of the two proteids obtainable from mammalian 
muscle, This is shown in Fig. 4.” 

We shall return to a discussion of this figure of Brodie and 
Richardson after a description of our own results. 


1 Loe, cit. p. 194. 
The italies are ours. 
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On gradually heating perfectly fresh (living) mammalian muscle, 
striped or unstriped we get, (1) A marked sudden contraction at 45°— 
49°. (2) A very faint indication of contraction, or-more frequently, 
rather, a cessation of relaxation at about 55°—58°. (3) A very 
_ marked contraction beginning at 61°—64°C. (See Figs. 1 and 2.) 


Fig. 1. Rectus abdominis of young rabbit. 3 hour after death. 


Fig. 2. Bladder of bitch. 2 hours after death; no sign of rigor mortis 
in skeletal muscles. 


Cause of the first contraction. There can be little doubt that this 
contraction is due to the coagulation by heat of “ paramyosinogen,” or 
more probably to the coagulation of all the proteid, whatever its nature, 
present in the muscle-fibre at the moment of death (see ‘ Conclusions,’ 6, 
p. 463) alike in the striped and unstriped muscle. The constancy with 
which this contraction occurs scarcely allows of any other interpretation. 
Vernon (op. cit. p. 274) says, “that the tissues do not necessarily 
contain paramyosinogen is proved by the analysis of a myoma of the 
uterus by Kossel. In this tissue no such proteid was present.” Both 
from our heat-rigor experiments and from our heat-coagulation results 
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detailed above, we are convinced that a proteid coagulating at 47° does 
exist both in the muscle immediately after death and in extracts pre- 
pared by the various methods employed’. 

Stewart and Sollmann were inclined to believe “that paramyo- 
sinogen does not exist as such in the living muscle” (op. cit. p. 257). 
Our results, at any rate, tend to show that if either of the described 
musele proteids be absent at the moment of death, it is the one 
coagulating at 56° and not that which comes down at 47°. The fact 
that the contraction occurs regularly at this temperature in the heat- 
rigor method (in which the muscle is in the best possible state for — 
investigation, and in which its constituents are probably less injured or 
changed than in any extraction method) seems to us strong evidence in 
favour of this view, though there is of course still a possibility that the 
natural reactions of the muscular tissue would make a difference even 
in this case. | 


Fig. 3. Thigh muscles of young rabbit in strong rigor mortis. Quick heating. 


| If a muscle which has passed into a state of rigor mortis be 
subjected to a rising temperature, the above contractions are modified 
according to the stage the rigor has reached. When this is complete 


1 Except in MgSO, extracts of unstriped muscle. Kossel probably had an alkaline 
or neutral extract, and this would explain the absence of a coagulation at 47° as in our 
own earlier experiments. 

Prof. Kossel has been kind enough to inform one of us that this observation on the 
myoma was probably made many years ago when he was a student in Hoppe-Seyler’s 
laboratory. He does not remember that any special precautions were taken in the matter 
of reaction of the extracts. At any rate there is no published record beyond the casual 

insertion of the fact in Hoppe-Seyler’s Text-book. 
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the lever writes a straight line until a temperature of 68° is reached, 
when it suddenly drops and usually falls off the drum. (See Figs. 3 
and 4.) 


Fig. 4. . Bladder of rabbit. 24 hours after death. Muscles of trunk and 
limbs in marked rigor. 


In incomplete rigor there may be a more or less marked contraction 
at 47° or thereabouts. On the other hand the dip at 56° is often 
exaggerated. | 

Cause of the contraction at 56°. The slight dip at 56° and its 
exaggeration in partially rigored muscle we consider to be due to the 
post mortem formation of a certain amount of a proteid coagulating at 
about this temperature (“myosinogen”) derived from the pre-existing 
proteid which coagulates at about 47°. Brodie and Richardson 
noted that this contraction was very small, and attributed this to the 
fact. that the muscle had already contracted so much as the result of 
the 47° coagulum. This view we cannot support, as after passing the 
temperature of 56° the muscle always shows a marked sudden fall at or 
about 63°. 

Our results of heat-rigor experiments on muscle in a state of rigo 
mortis tend to show the absence in this state of coagulable proteid. 
The experiments of Stewart and Sollmann, who performed heat- 
coagulation experiments upon extracts of such muscles, showed less of 
both proteids.‘ In this direction the following experiment of our own 
may be taken as typical : 


Extract of smooth muscle which was made passed into complete rigor mortis, 
with *9°/, NaCl. No coagulation at 47°, and a very small precipitate at 64°. 


7 
‘ 
4 
i. 
4 
x 
a 
q 
£ 
ty 
: 
(| q 
4 
MA 
2 
‘ 
2 
| 
4 2 
5 
§ 
“4 
a 
4 
F 


HEAT RIGOR OF MUSCLE. 457 


Cause of Contraction at 63°C. Brodie, Richardson, and Vernon, 
also Gotschlich’, all note the occurrence of this contraction. The first 
named observers, as shown in the above-quoted paragraph, make no 
mention of this, the most marked of the contractions, in mammalian 


muscle, and, although they describe it as occurring in frog’s muscle, 


do not offer any explanation of it. It is, however, to be noted that 
these authors give a tracing (Fig. 4) already referred to, showing this 
contraction in a marked degree in the gastrocnemius of the mouse’. 
Also on the opposite page (Fig. 3) they illustrate the phenomenon as 
occurring in mouse tendun. The significance of this, if indeed it was 
appreciated, was not rendered sufficiently clear. Gotschlich, at a 
temperature of 65°—67°C., at times observed a shortening which he 
thought was due in all probability to a coagulation of the serum 
proteids contained in the muscle, That the serum-proteids contained 
in the muscle coagulate about this temperature is of course true, 
but the contraction is far too great to be accounted for in this way. 


Vernon (op. cit. p. 275) attributes this contraction to the coagulation | 


of Halliburton’s myoglobulin, and goes so far as to urge this view as 
evidence in favour .of the separate existence of this proteid. 

The contraction at 63°C. is in our opinion entirely or almost 
entirely due to some change in the connective tissue elements 


Fig, 5. 


1 Pfitiger’s Archiv, 54,8. 109. 1898. | 
2 Is would appear from the context that the authors atibate thin to the pote 
coagulating at 56°, 
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of the muscle substance. Tendon contracts uniformly at this - 
temperature (see Brodie and Richardson, loc. cit, Fig. 3, also on Fig. 5). 


Fig. 6, Skin of dog. 


Fig. 7. 


Skin also shows a contraction at this temperature (Fig. 6), So also, 
a strip of French gelatine heated in a bath of oil — a marked sudden 
contraction at 63°—64° C. (Fig. 7). 


. 
a: 
4 
3 
“sy 
J 
by 
A 
x 
4 
ig vid 
4 
BA, 
4g 
> 
a 
2 
d a 
i 
if 
4 
2 
\ 4 
A 
a : 
AS 
be om 
a ‘a 
fa 
" 
4 4 
& 
f 
on 
Z 
~ ‘ 
A 


HEAT RIGOR OF MUSCLE. 459 


The influence of temperature upon mammalian smooth muscle has 
been studied by C. Ste wart', who worked with the cat’s bladder. His 
results are as follows :— | | 

“The record shows very clearly a maximum lengthening in the 
neighbourhood of 40°C., and demonstrates the loss of tone following 
the loss of irritability, in this case at 56°C. 

“ At about 10°C, the shortening is complete. If the temperature be 
now slowly raised, relaxation appears almost immediately, but proceeds 
very slowly at first, and becomes marked only when the temperature 
rises to about 15—19°C. The loss of tone then proceeds regularly 
to a temperature of about 40°C., that is, slightly above the body 
temperature. Above 40°C. shortening once more appears, and proceeds 
slowly at first, then more rapidly, until the temperature of the moist 
chamber is raised to from 53° to 57°C. At this point the muscle 
apparently loses its irritability and dies. There follows then, whether 
the muscle be kept at that temperature or heated further, a distinct 
loss of tone often of considerable extent. In this stage the muscle is 
comparatively relaxed and very soft. Jt 1s only when the temperature 
is raised to 69°C. that the first shortening of heat rigor is obtained*.” 
Again he refers to “ the true contraction of heat rigor appearing at 69° C.” 

These experimental results correspond in a general way with those 
obtained by us, but Stewart does not discuss the significance of these _ 
contractions’, and in what he gives.as one of his typical curves the 
63°—65° C. contraction is wanting. Moreover, the term “true heat 
rigor” as applied to this contraction appears to us altogether inappro- 
priate, since we have shown it to be due to connective tissue shortening 
and not in any way characteristic of muscular substance. 


EFFECTS OF TEMPERATURE UPON AMPHIBIAN MUSCLE. 


On testing the striped muscles of frogs and toads we find, (1) a 
marked sudden contraction at 38°——40°C., (2) a contraction at 45°—50°C. 
Here we get in contrast to mammalian muscle a fall at about 38°C. . 
which must be attributed, in our opinion, to a contraction of the muscle 
caused by the coagulation of v. Fiirth’s “soluble myogen fibrin,” which 
he points out is present ready-formed in frog’s muscle. Vernon says: 

1 Amer. Journ. of Physiol. rv. p. 199. 1900. | 
* The italics are ours. 


® Perhaps it may be assumed that he considers the contractions occurring below 57° to 
be due to vital activity and not to coagulation of proteids. 
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“This does not seem at all probable, for, to begin with, there is no proof 
that such a body exists in living muscle at all.” It would appear to us 


Fig. 8. Gastrocnemius of frog. 


that the very constant occurrence of this contraction is strong evidence 
of the existence of this form of proteid in the living muscle; further 
evidence than this indeed is lacking that any of the described muscle 
proteids actually exist in living muscle. | 
In amphibian unstriped muscle we have obtained one marked 
contraction only, viz. at about 54°C, There is sometimes a slight 


Fig. 9. Stomach of toad. 


- contraction at 45°—47°C.. It is interesting to note that the skin of 
frogs and toads contracts at 50°—52°C. This is very likely due to the 


1 It will be seen in Fig, 9 that the toad’s stomach shows marked relaxation between 
40° and 50°. This is practically absent in the frog. 
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contraction of connective tissue and corresponds to the contraction at 

63°C. of mammals. (See Fig. 10.) 
The 37°—40° C. contraction is absent, as observed by Vernon (op. 

cit, p. 276). | 


Fig. 10. 


THE RELATIVE AMOUNTS OF NUCLEO-PROTEID IN STRIPED, UNSTRIPED, 
AND CARDIAC MUSCLE. 


Whitfield’ investigated. the questions as to the existence of 
nucleo-proteid in muscular tissue, and was unable to obtain any 
evidence in a positive direction. Pekelharing?® points out that on 
gastric digestion small quantities of nyclein are soluble if the amount of 
hydrochloric acid present exceeds ‘1°/,, Pekelharing shows that the 
nucleo-proteid is not extracted to any extent by water since this 
is rendered acid by the sarcolactic acid of the muscle. (He worked 
with striped muscle.) He employs ‘15 °/, sodium carbonate as the 
extrahent, and precipitates the nucleo-proteid from the extract by 
means of acetic acid. He finds by this method quite an appreciable 
amount of nucleo-proteid i in striped muscle. * 

Velichi*’, using Pekelharing’s method, found the quantity of 
- nucleo-proteid in the muscular coat of the pig’s stomach to amount to 
178°, (%.¢. five times the amount found by Pekelharing in striped 


1 This Journal, xvi. p. 487. 1894. 
2 Zeitschr. f. physiol. Chem, xx11. 8. 245. 1896. 3 loc. cit. 
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muscle). He points out that this is interesting when we consider the 
histological difference between the two kinds of muscle. 

We have also employed this method (omitting the wiidiniiaas'y 
washings) to investigate the amount of nucleo-proteid in unstriped 
muscle, and can confirm V elichi’s results on this point, except that we 
get usually a larger relative proportion of the nucleo-proteid in 
unstriped tissue’. 

As to cardiac muscle Bottazzi and Ducceschi* find more nucleo- 
proteid and less myosinogen and paramyosinogen than in the skeletal 
muscles. 

We find that the amount of nucleo-proteid in cardiac ‘muscle 
is distinctly greater than in the skeletal muscles, but not nearly so 
great as in the unstriped muscle of the stomach. The three tissues, in 
‘fact, unstriped, cardiac, and striped form a descending series in regard 
to the amount of nucleo-proterd present. — 


ATTEMPTS TO SEPARATE THE PROTEIDS OF MUSCLE, AND THE 
QUESTION AS TO THEIR NATURE. 


Halliburton attempted to separate the muscle proteids by the 
method of fractional precipitation with salts. Stewart and Sollmann 
found, on attempting to redissolve the precipitates that “only a small 
portion went into solution, and in all cases the solutions so obtained 
gave precipitates both at or below 49°5° and between 56° and 57°.” 
“vy, Fiirth was similarly disappointed in these methods (dialysis), 
although he states that by methods of bis own be succeeded in obtain- 
ing pure solutions.” 

We have been unable to obtain any satisfactory results aes this 
method in the case of unstriped muscle. We get the 50° coagulation 
in both precipitate and filtrate, and with addition of more acid the 
32°—35° coagulation in both. This we believe is very probably due to 
soluble myogen fibrin or some closely-allied proteid. 

Velichi has applied the method of dialysis to unstriped muscle, and 
obtained results which weg have referred to above. We can only state 


1 We had, indeed, estimated the amount to be eight times as much in unstriped as in 
striped before we had seen Velichi’s paper. We have just (April 30th, 1901) seen the 
“ Bemerkung” by Bottazzi in the recent no. of Centralbl. f. Physiol., from which it 
appears that Cappelli, working under his direction, has also noticed this large amount 
of nucleo-proteid in smooth muscle. 

2 Jl Morgagni, xxxrx. No, 10; also Arch. Ital, de Biol. xxvut. 3, p. 895. 
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that we have been entirely unable to confirm this part of his work. 
The filtrate, for exainple, after the formation of a precipitate by — 
has invariably given both 


SUMMARY OF CONCLUSIONS. 


1. Rigor mortis occurs in unstriped muscle as well as in striped 
when kept some time at the body temperature (confirmation of Bottazzi). 
In rigor of unstriped muscle slight but definite acidity comes on, while 
in that of striped the natural acidity becomes more marked. | 

2. Unstriped muscle and its extracts in dilute neutral saline 
solutions are neutral or alkaline, while those of striped muscle are 
almost always acid. 

3. Fresh extracts of unstriped muscle made with magnesium 
sulphate 5 °/, appear to contain little if any “paramyosinogen” as 
indicated by heat-coagulation at 47°—50°, while there is evidence 
of the presence of abundance of “myosinogen” coagulating between 55° 
and 65°. 

The absence of the lower precipitate, however, we find, is to a large 
extent a matter of reaction. Thus the characteristic’ proteid or 
proteids of the two kinds of muscle may possibly be of the same 
nature. 

4. Extracts made with normal saline ‘9°/, by v. Fiirth’s method 
give in the case of unstriped muscle an abundant precipitate at 49°, 
the precipitate at 56°—60° being practically absent (see Expts. 1, 
9, 15). 

5. Both striped and unstriped mammalian muscle on being sub- 
jected to a gradually rising temperature show two marked sudden 
contractions, (1) at 47°—50°, (2) at about 63°, and also a tendency 
to contract at about 56°C. The first of these we conclude is due 
to the coagulation by heat of the proteid substance present in the 
muscle-fibre during life (“paramyosinogen ”), the second to changes in 
the connective tissue elements of the muscle; the slight change at 
56° we attribute to the presence of small quantities of “ myosinogen,” 
this slight change being the more marked, but never large, in muscle 

in partial rigor. 
6, Amphibian muscle shows marked differences from the above 
when submitted to heat-rigor experiments. The striped muscle of 


1 i.e, excluding nucleo-proteid. 
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these animals gives a contraction at 38°—40°, due to coagulation of 
soluble myogen fibrin, and another at 45°—50°. The unstriped muscle 
gives only a marked contraction at 54°, sometimes a slight one at 47°. 
The former contraction, we think, is due to the connective tissue. 

7. A muscle which has gone into complete rigor mortis gives no 
trace of a contraction on being heated to about 47°. The only change 
observed in this case is the contraction at about 63°, due, as we believe, 
to changes in the connective tissue. 

8. Signs are not wanting that the amount and the nature of the 
proteid coagulating at different temperatures in extracts of muscle vary 
with conditions depending not on the amounts of distinct proteid 
substances originally present in the living tissue, but on methods of 
extraction, reaction, and possibly other factors. “ Paramyosinogen” 
and “myosinogen” appear, in fact to be interchangeable one with 
the other’ or to be possibly both formed from some common precursor 
present in living muscular tissue which coagulates on heating at 
about 47°. | 

9. The three tissues, unstriped, cardiac and striped muscle form 
a descending series with regard to the amount of nucleo-proteid 
present, unstriped containing about eight times as much as striped. 

The bearing of the above investigations upon the theory of rigor 
mortis is, we fear, not yet very direct. Brodie and Richardson 
point out that heat rigor and rigor mortis are two very different 
phenomena. We think, however, that the non-occurrence of a con- 
traction at 47° in a muscle in rigor mortis and the absence of a 
coagulation at 47° in an extract from such a’ muscle, are indications 
that rigor mortis is due to a precipitation in the muscle fibres of some 
part at any rate of the proteids present during life in the contractile 
portion of the muscle. ; 


1 The fact that in extracts of the same tissue we get (using different extrahents and 
varying the reaction of the extract) sometimes a precipitate at about 47°, sometimes one at 
_ 56° or later, at other times two precipitates, is in favour of this interchangeability. The 
view which has been held that one of the proteids of muscle is an albumin, while the other 
is a globulin, seems to lose some of its importance in view of the recent work of Starke 
(Zeitschr. f. Biol. xu. 4, 8. 419; ibid. 8. 494). 

Starke looks upon globulins simply as alkali albumins, and Bloxam (Proc. Physiol. 
Soc. Mar. 16, 1901, this Journal, xxv1. p. xxxv.) has independently suspected the possibility 
of conversion of one into the other (cf. also Stewart and Sollmann, loc. cit.). 

In this connection it may be well to notice that v. Fiirth considers the 46—50° 
precipitate to be due to a true globulin, while the 54—60° precipitate is an albumin. 


- Velichi on the other hand reverses these, and considers the lower coagulum to be due to 


albumin. 


4) 
“3 
a 
q 
Ag 
4 
G 
< 
= 


ON THE PRESENCE OF NERVE-FIBRES IN THE 
CEREBRAL VESSELS. Br WILLIAM HUNTER, 
M.B., AND C.M., Aberdeen, Assistant Bacteriologist to the London 
Hospital. ‘(Two Figures in Text.) 


HIsToLoGicaL evidence of the existence of nerve-fibres on the blood 
vessels to the brain has been found by several observers. Kélliker in 
his Handbook published in 1896 gives the earlier authorities on this 
subject and states that he has himself traced nerves on the larger 
arteries (down to 90 » in diameter) passing into the cerebral cortex 
from the pia mater. Obersteiner” in 1897 found nerve-fibres on a 
pial vessel in a gold chloride preparation. Gulland® in 1898 using 
Cox’s modification of the chrome silver method succeeded in demon- 
strating the presence of nerve-fibres in a number of vessels in the 
brain and spinal cord. Morison® in the same year by means of 
Sibler’s hematoxylin method confirmed the presence of nerve-fibres 
in the intracranial vessels and found others ending free in the 
pia mater. He stated further that unipolar ganglion cells were present 
in the nerve trunks, Lastly Hiiber® in 1899, who used the methylene 
blue method, has described and figured nerve plexuses on the vessels of 
the dura mater and pia mater which he considers to be vasomotor and 
medullated fibres, and also non-medullated branches ending free which 
he considers to be sensory. His observations did not extend to the 
‘cortex itself. On the other hand Ford Robertson® in the same year, — 
by his platinum method, found anastomosing fibres accompanying the 
blood vessels, but considered them to be of connective tissue nature. 
In 1900 Rohnstein, using various methods, has also been able to 
satisfy himself of the nervous nature of the fibres seen on the blood 
vessels, 

The question seemed to deserve further investigation, and I have 
made a number of observations, especially with young rabbits from 
six to two months old. I have used the intra-vitam methylene blue 
method since that is now generally held to afford a surer ground than 
any other for distinguishing nervous tissues. The methylene blue was 
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injected subcutaneously in saturated aqueous solution in small quantities 
until the animals died. The central organs were fixed by Bethe’s 
molybdate method, embedded in paraffin, cut, and mounted. 


On examining sections of the cerebral cortex the presence of a 
dense plexus of deeply blue-stained fibres is seen surrounding the 
vessels in the substance of the grey matter. It often happens that 
even in indifferently stained preparations, in which scarcely a nerve 
cell is stained, these delicate fibres stand out prominently. Traces of 
this plexus are seen in the vessels of the pia mater and is probably 
continuous with that on the vessels in the grey matter. It is only after 
the vessels have entered the substance of the grey matter that this 
plexus of nerve-fibres becomes well developed. As the vessels pass 
through the grey matter the delicate fibres become increased in 
number, the network appears closer, and in some cases in the deeper 
cortical layers the fibres apparently form a deeply blue-stained sheath 
around or in the vessels, On reaching the white:matter, however, the 
vessels lose the fibres entirely. In fact I have not been able to trace 
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these fibres in the vessels in the white matter of any region of the 
brain or spinal cord. 


Under high powers the fibres are seen to + thiees a perfect plexus in — 


the wall of the vessels. They have a fibrillar structure and‘-give off a 
number of extremely delicate and in most cases imperfectly stained 
fibrils, the ultimate ramification of which it is impossible to determine. 
In a number of preparations which were less successfully stained, these 
‘fibres were represented by a number of deeply blue-stained, rod-like 
structures, lying scattered in the walls of the vessels,.and in many 
cases connected with each other by means of delicate and slightly 
stained fibrils. 


It has not been possible in. my preparations to determine the 
medullation or non-medullation of these fibres on the vessels. In 
connection with this perivascular arrangement of nerve-fibres it is 
important to distinguish the fibres composing this network from other 
nerve processes which have relations with the vessels. As the cerebral 
vessels pass through the grey matter various processes are found to 
pass from their respective cells to them, where they end in an enlarged 
flattened extremity (vide Fig. 2). From the latter a number of 
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delicate fibrils are given off, many of which terminate in knob-like 
extremities, In all probability these processes do not contribute towards 
the perivascular network of nerve-fibres. The cells from which these 
_ procésses arise are situated in the deeper parts of the plexiform layer 
and the superficial parts of the small pyramidal layer of the cerebral 
cortex. They contain a fairly large nucleus, which has extremely little 
protoplasm around it. They give off a number of processes, the largest 
of which pass to the vgssel and end as described. The more delicate 
processes ramify in various directions in the superficial cortical layers. 
All the processes of these cells are invested with an extremely bushy 
coat of short fibrils or thorns. So far, it has not been possible to 
determine with any degree of certainty the presence of an axis- 
cylinder, 

This type of cell appears to be the same as that described by Retzius 
as occurring in the molecular layer of the cerebral cortex, and regarded 
by. him as an embryological form. Kiélliker, however, believes that 
they are more related to neuroglia cells. He describes them as a 
special transitional form of cell, the exact nature of which is as yet 
undetermined. Although Retzius, Kélliker, Weigert, and others 
have repeatedly demonstrated the connection of cells by means of their 
processes with the vessels, their results are merely the outcome of the 
chrome silver method and special neuroglia methods. As these cells 
are morphologically similar to nerve cells and stain with methylene 
blue I assume that they are really nervous in nature. If this be so, 
then additional evidence is furnished to support the theory of Golgi 
_ and his pupils, that nerve cells have connections by means of their 
protoplasmic processes with the blood vessels, and that these processes 
subserve nutrition only. 

‘Up to the present I have found the plexus i in all regions of the 
grey matter of the cerebral cortex, especially in the small and large 
pyramidal cell layers; as already mentioned this plexus is probably 
continuous with that found on the pial vessels. The vessels of the 
white matter are always found destitute of this network. “In the 
cerebellum, midbrain, pons, medulla, and spinal cord similar examples 
of this nervous plexus are found. | 

Finally, my observations confirm the previous accounts of. the 
presence of a plexus of nerve-fibres in the walls of the vessels of the 
pia mater; they show also that this plexus is continued on to the 
vessels in the grey matter, but not in the arteries of the white matter ; 
they show further that in the cortex certain small cells, which I take 
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to be nerve cells, send processes to end in connection with the blood 
vessels. 
I would add that the presence of nerve-fibres, as described, does not 
seem to me to allow of any certain conclusion being drawn as to their 
function. | 
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THE CONDITIONS THAT UNDERLIE THE PE- 
 CULIARITIES IN THE BEHAVIOUR OF THE 
COLOURED BLOOD-CORPUSCLES TO CERTAIN 
SUBSTANCES. By G. N. STEWART, Cleveland, U.S.A. 


THE question whether the so-called vital peculiarities of cells, and in 
- particular their power of selecting certain substances from the liquids 
_ with which they are in contact and of rejecting others, depend upon a 
_ certain physical structure or chemical composition of the cell-envelope 
or cell-substance, is of such high and general importance that all facts 
which throw light upon it ought to be recorded. I have made a series 
of experiments with the view of determining whether “vital” or 
physico-chemical conditions are at the bottom of some of the very 
peculiar actions of the coloured corpuscles. I have chosen these 
especially because the coloured corpuscles are probably in their 
physiological relations among the simplest of all cells, and, in addition, 
offer, in several respects, considerable advantages as test objects. 
Since in regard to all the peculiarities which I wished to investigate 
previous experiments! have revealed no essential difference between 
the nucleated and non-nucleated corpuscles, I have preferred to start 
with the latter. | 

The researches of Hedin*, Eykman’, and others have shown that 
the permeability of the blood-corpuscles is very different for different 
substances, either naturally existing in the plasma or artificially added 
to it. For example, NH,Cl is readily taken up by the corpuscles, 
NaCl with difficulty or not at all. I have been able‘ fully to confirm 
this difference in the behaviour of NH,Cl and NaCl by measuring the 
electrical conductivity of blood after the addition of one or other of 
these salts in known amount. I have further proved that the passage 
of the hemoglobin and of the electrolytes out of the corpuscles when 


1 This Journal, xxrv. p. 211. 1899. 

2 Pfhliiger’s Archiv, uxvi, 8. 229. 1897. 
3 Thid. 8, 58. 

* loc. cit. 
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blood is acted on by laking agents is not. governed by the same laws, 
but that under certain conditions the hemoglobin will come out alone 
and the electrolytes be left behind, while under others the hemoglobin 
and electrolytes will pass simultaneously out of the corpuscles, Also 
_ when the electrolytes have remained in the ghosts of the corpuscles 
after certain forms of laking they can be brought out by the addition 
of other laking reagents. Obviously we have a large number of tests 
at our disposal which we can apply to the corpuscles. I selected three 
for systematic application : } 

(1) The behaviour of the corpuscles to NH,Cl and NaCl. 

(2) The action of saponin (a) in bringing out the blood-pigment, 
(6) in increasing the conductivity. 

(3) The action of water (a) in bringing out blood-pigment, 
(6) in relatively increasing the conductivity. 

In addition numerous observations of the conductivity of the blood 
without admixture of any foreign substance, or of blood to which a 
fixing reagent (formaldehyde) had been added were made from time to 
time during an experiment, as well as comparisons of the conductivity 
of the serum and sediment. In regard to these last observations it 
may be said at once that no evidence was found that any notable — 
change in the conductivity of blood accompanies the loss of the “vital ” 
properties of the corpusclés. In particular it was observed that the 
corpuscles under a great variety of circumstances incompatible with 
their life preserved their relative impermeability to the electrolytes of 
the serum. The three standard tests were applied to the corpuscles of 
perfectly fresh blood, to the corpuscles of blood which had stood for 
various periods from a few hours to some weeks, to the ghosts of the © 
corpuscles of blood laked in various ways, and especially by heating to 
62° C., and finally to the intact corpuscles of hlood fixed by a gradually 
acting reagent (formaldehyde) and the ghosts of heat-laked blood to 
which formaldehyde had been added. 


General routine of the experiments and explanation of the tables.—In all 
the experiments, except where it is otherwise stated, the procedure was as 
follows, The conductivity of the blood was determined; then a given 
volume of the blood was measured into a test-tube and mixed with an equal 
volume of a solution of NH,Cl whose conductivity (and freezing-point) were 
known, The contents of the test-tube were well shaken, and after an 
interval, which was noted, the conductivity of the mixture was determined. 
In the tabular results the length of this interval is sometimes given, in hours 
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and minutes, in a column headed ‘‘interval.” Sometimes the time of mixture 


and time of measurement are given.. Thus in Exp. I. on Mar. 30, at 


11.35 a.m. defibrinated blood was mixed with an equal volume of a solution 
of NH,Cl whose conductivity was 141-62, and its freezing-point — 0°636°. (The 
NH,CI solution was made by adding to about 90 c.c. of a saturated solution 
of the salt enough distilled water to bring the volume up to about 2400 c.c.) 
10 minutes later the conductivity of the mixture was 70°22. In 11 minutes 
from the time of mixture it was 49°51, and in 3 hours, 13 min. from the time 
of mixture, 51:52. “Blood + NH,Cl” always means that an equal volume 
of the NH,Cl solution was added to the blood. 

A similar observation was then made on the blood mixed with an equal 
volume of NaCl solution whose conductivity (and freezing-point) were known. 
In Exp. I. the NaCl solution was made by adding to 90 c.c. of a saturated 


‘solution of the salt enough distilled water to bring the volume up to 2400 c.c. 
Its conductivity was 138°52 and its freezing-point - 0°729°. In some experi- 


ments solutions of NH,Cl and NaCl containing smaller quantities of the salts 
were used. The NH,Cl and NaCl solutions were always adjusted so that 
the conductivity of the former was a little greater than that of the latter. 
When in spite of this the conductivity of the mixture of blood and NH,Cl 
was markedly less than that of the mixture of blood and NaCl, one did not 
hesitate to conclude that an absorption of NH,Cl by the corpuscles had taken 
place. Since NH,Cl penetrates the corpuscles there was no purpose to be 
served in using isosmotic solutions of NH,Cl and NaCl. ‘Blood + NaCl” 
always means that an equal volume of the NaCl solution was added to 
the blood, 

The next step was to add saponin solution to another specimen of the 
blood and, after a known interval, to measure the conductivity of the 
mixture. The saponin solution usually used was made by dissolving about 
3 grammes of crude quillaia saponin in a NaCl solution whose freezing-point 
was — 0°416° and making up the volume with the NaCl solution to 100 c.c. 
The freezing-point of this saponin solution was — 0:529° after filtration. 
Sometimes the saponin solution was made with a stronger NaCl —* 


the freezing point of which was about - 0°73°. 


Unless otherwise stated, ‘08 volunie of the saponin solution was added to 


one volume of blood, this being a quantity not much above the minimum 


amount required to cause complete laking in normal blood. ‘ Blood +sa- 
ponin ” always means that the saponin solution was added in this proportion. 
A control experiment was often made in which as much of the NaCl solution 
used in making the saponin solution was added to the blood as had been 
added of the saponin solution. When the increase of conductivity in this 
control experiment was distinctly less than that caused by the addition of 
saponin solution it was concluded that the latter had occasioned the passage 
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of electrolytes out of the corpuscles, or had rendered the —— better 
conductors’. 


_ Finally an observation was made on the conductivity of a specimen of 
the blood to which distilled water had been added. Unless otherwise 
mentioned, 2 volumes of water were added to 1 volume of ‘blood. 
** Blood + water” always has this signification. _ 
‘Then a second series of observations was made on the blood in the same 
_ way after it had stood a certain time. In some cases several series of such 
measurements were made, extending over 3 or 4 days, or even in one experiment 
over fully a fortnight. Sometimes the complete series (NH,Cl, NaCl, saponin 
and water) was not worked out, but only a portion of it. The conductivities 
(expressed in reciprocal ohms) are given in the tables under the heading A, 
and are always reduced to 5° C., X being an abbreviation for (5°) x 10°. 
The tube, as in my previous experiments, was immersed in running water 
from the tap. The temperature of the water at the time of measurement was 
always read, and seldom varied more than 1° or 2° from 5°. The blood used 
was always dogs’ defibrinated blood, which had been strained through muslin. 
Except when otherwise stated the blood and all preparations made from it 
were kept in a cold room, whose temperature did not rise much above 10° 
during the day and fell below this during the night. 


DISCUSSION OF EXPERIMENTS AND STATEMENT OF RESULTS. 


In Exp. I. defibrinated blood was followed for a period of 3 days, 
beginning 15 minutes after the artery was opened. It will be observed 
that the conductivity of the blood + NH,Cl is always markedly less 
than that of the blood + NaCl, and, what interests us mainly at 
present, that the difference is practically as great on the third day as 
when the blood is perfectly fresh. We must conclude that the great 
permeability of the corpuscles to NH,Cl and their practical 
impermeability to NaCl is not affected by any loss of 
“vitality” which is possible within three days. This statement 
is based upon measurements of conductivity made 11 to 25 minutes 
after mixture. When the measurement is made within a shorter | 
interval there is a remarkable difference, and one that is only observed 
when the experiments are begun very early after the drawing of the 


1 I shall show in another paper that, under certain conditions at any rate (e.g. when 
it is added to blood previously treated with formaldehyde), saponin produces its effect on 
the conductivity of the blood by markedly increasing the conductivity of the corpuscles. 
This increase is not necessarily accompanied by any change in the conductivity of the 
serum, It may be produced after the formaldehyde bas acted for many days. 
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blood. Thus, in the perfectly fresh blood 10 minutes after mixture 
» was 70°22 for blood+NH,Cl and there was no laking, while, 
1 minute later ) had sunk to 49°51 and the blood was dark and laked. 


_ Exp. I, Mar. 30. At 10.45 a.m. obtained defibrinated blood from a dog. At 11.07 a.m.. 
added to 75 c.c, of the defibrinated blood 20 ¢.c. of an 8°/, solution of formaldehyde in 
about 1°/, NaCl solution. Added the formaldehyde solution drop by drop, stirring well. 


Call the mixture A, At 11.20 a.m. added to 75 c.c. of the defibrinated blood 20c¢.c. of | 


the NaCl solution used in making the formaldehyde solution. Call this mixture B. For 
the formaldehyde solution \= 89°89; for the NaCl solution used in making it \=138°52. 
The same NaCl solution was used throughout the experiment. For the NH,Cl solution 

=141°62; for the saponin solution \=80°22; for the NaCl solution used in making the 
saponin solution \=78°24; for the serum from the clot of some of the same dog’s blood 
\= 85°64, 


Defibrinated blood. 


Interval 
h. 
Mar. 30 
11.00 a.m.| The defib. blood 32°67 
11,35 Blood + NH 10 70°22 
11,46 (Became eee abruptly darker and 11 49°51 
2.48 p.m. | 8 | 18 | 6152 
11.38 a.m.| Blood+NaCl ... 12 76°59 
_ 2.40 p.m. 3 2 74°56 
3.03 Blood+NaCl . 33 76°59 © 
8.044 Blood + NH, cl 24 | 74°12 
3.09 Is a little darker than 
the corresponding NaCl blood 
3.15 104 | 67°60 
3.224 Surface layer of blood in test-tube 18 56°84 
has just become rather su 
8,30 Darkening is marked 254 | 49°13 
5.35 The defib. blood 33°80 
Mar, 31 
9.45 a.m.| The defib. blood 32°67 
8.59 Blood + NH,Cl (laking at ; top in 17 49°80 
9 mins. In 12 mins. well a 
Blood +NaCl . 2 1 77°29 
10.17 Blood + saponin. (In 4 mins. , 24 52°59 
some darkening. Completely 
in 17 mins.) 
11,45 Blood + water 23 17°37 
April 1 
2.31 p.m.| The defib. blood _... 82°13 
6.04 Blood + NH,Cl (well laked i in 2 mins ) 11 | 61-11 
6.35 Blood+NH,Cl. Begins to darken in i 
80 secs. Is distinctly darker in 
45 secs. In 1 min. is partly laked 
and in 1 min, 40 secs. from time } 
of mixture is well laked 
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Formaldehyde blood (4A). 


Interval 
Time 
h. m. 
Mar. 30 
3.00 p.m.| A is distinctly browner than B : 
4.01 4+NH,Cl (quite dark and laked in 64 | 74:12 
17 mins.) 
4.20 19 58°14 
4,36 BS 58°28 
8.59 A+NaCl 2 14 75°67 
5.18 (Not laked) .. 
(15 hrs, later was dark and laked) 15 64°67 
4.414 A4+NHCl 
4.51 No g 
4.55 Considerably darker 
4.56 Still darker .. ‘eh 
4.58 Almost black in reflected light 
5.00 Maximum dar reached 
4.52 42°04 
Mar, 31 
10.02 a.m.| A 89°73 
8.57 A NH,Cl 7 75°90 
9.37 a ‘No change of abe 40 | 70-42 
very slight darkening ~ 
10.00 Distinctly darker than A 
10.18 1 16 67°79 
0.20 Quite 
1.07 Although ‘ck it does not seem 2 10 62°90 
9.28a.m.| dA+NaCl ... 1 48 78°00 
10.16 A (No effect seen in 33 62°59 
A = gor of the NaCl solution 42°60 
used in making the saponin solu- 
tion as was of the 
solution 
11,42 A + water ys 9 24°78 
12,04 No laking. Even after 22 hrs. 22 24°66 
very little blood-pigment in 
solution 
April 1 
2.24p.m.| A 89°36 
1.39 A +NH,Cl es 18 74°34 
5.46 Not laked nor darkened . 4 7 68°33 
20 64°52 
1.40 p.m.| 4A+NaCl 35 78°48 
5.46 : 4 6 78°00 
20 78°00 
1,46 p.m.| 4-+saponin 22 | 62°75 
3.18 Not laked 1 27 62°59 
1,43 p.m.| A+ water 17 24°83 
6.45 Not laked 5 2 24°56 
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Blood + NaCl (2). 


Interval 
m. 
Mar. 30 
4.02 p.m.| B+NH,Cl. ery slight darkening 12 80°99 
in’ 12 mins 
4,28 arkening still very slight)... 76°36 
4.39 to darken distinctly at of 
test-tube 
4,48 Considerable laking .. 
5.06 Not nearly so dark nor 80 well laked 63°37 
as the corresponding mixture of A 
and NH,Cl. After standing 14 hrs. 
in the cold, a large number of cor- 
uscles are still unlaked. There 
a much smaller sediment of un- 
laked corpuscles in the correspond- 
ing mixture of defibrinated blood 
and NH,Cl 
5.28 B ‘bis 48°38 
Mar, 31 
9.52a.m.|; B 49°61 
8.58 a.m, B+NHOl. (Slight darkening in 10 25 | 64°34 
mins.; distinct laking at top in 
22 mins. Even in 27 mins. is not 
| so dark as corresponding mixture 
| of defib. blood NH,Cl) 
9,30 B+NaCl 56 87°72 
10.16 B+saponin (completely laked in 5 18 69°64 
mins. 
11,44 B+ water (lakes at once) 13 22°34 
April 1 
2.41 p.m.| B 46°09 
6.043 B+ NH,Cl. (Begins to darken in : 20 61°83 
14 mins. In 3 mins. is as dark as, 
correspo ture 0 
blood and NH,Cl) 


_ It could be noticed during the measurement that the resistance was 


increasing. In a second observation 3 hours and 20 minutes after the 
blood was drawn comparatively little passage was afforded to the 
NH,Cl into the corpuscles for 10} to 18 minutes, and then with a 
certain abruptness the resistance began to run up and the blood to 
darken. The most natural interpretation of these results is that 
there is a relatively long period of resistance to the pene- 
tration of NH,Cl in the case of fresh and living corpuscles. 
During this period the NH,Cl either does not penetrate at all or it 
does so in small amount and with relative slowness. Rather suddenly 
the corpuscles become permeable to the NH,Cl, and then laking occurs, 
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although with the strength and amount of the NH,Cl solutions used 
by me the laking is usually not complete. It is difficult to resist 
the idea that a struggle is going on during this period between 
the living corpuscle and the hurtful NH,Cl solution. For a time 
the resistance of the corpuscle is tolerably successful. All at once 
it succumbs. The NH,Cl obtains free entrance, and the water in 
the NH,Cl solution then acts as if the salt were not present at all. 
When the blood has stood some time the period of resistance is greatly 
curtailed. Thus on April 1, the. blood was well laked 2 minutes after 
the addition of NH,Cl. It is perhaps worth noting that when NH,Cl 
solution causes laking in blood the darkening begins in the surface 
layer and then extends down the test-tube. I am unable at present to 
suggest an explanation of this. 

The permeability of the corpuscles for N aC] is not markedly altered 
during the period of the experiment. The same is true as regards the 
normal electrolytes of the serum (including NaCl), since the conduc- 
tivity of the blood remains almost constant throughout the three days. 
Exp. VI. shows that defibrinated blood which has stood even for 
_ twelve days in the cold without being laked exhibits the same 
“selective” absorption of NH,Cl in preference to NaCl, although 
the absolute difference is not perhaps so great. | 

The observations (in Exp. I.) on the fresh defibrinated blood to 
which formaldehyde was added (A) afford several results of interest 
when we compare its behaviour to NH,Cl and NaCl either with that 
of the defibrinated blood or with that of the defibrinated blood (B) to 
which as much NaCl solution had been added as was added to blood A 
of the formaldehyde solution. In the first place an early effect of 
the formaldehyde is to render the corpuscles more permeable 
to NH,Cl than is the case in the defibrinated blood so that 
the darkening and diminution of conductivity occur somewhat sooner 
in the formaldehyde than in the normal blood. The minimum 
conductivity attained is of course greater than in the case of the 
defibrinated blood, because the original conductivity of the formal- 
dehyde blood is greater owing to the NaCl in the — 
solution. 

A second noteworthy fact is that at an uke stage in the 
action of formaldehyde (as is shown in the obs. of Mar. 30, 
3.59 p.m. Exp. I.) the corpuscles are rendered more permeable 
than normal to NaCl. This is clearly shown in several ways: 
(1) The conductivity of A+ NaCl (after 2 hours, 14 min.) is too low 
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compared with that of the defibrinated blood + NaCl to permit us to 


suppose that none of the NaCl has entered the corpuscles. (2) After 


15 hours A + NaCl was seen to be laked, and the conductivity was 
distinctly diminished. (Doubtless the blood was laked earlier although 
it was not observed.) (3) In the observations on A + NaCl on Mar. 31 
and April 1 the conductivity is distinctly higher than in the similar 
mixture of A and NaCl made on Mar. 30. It is also sensibly constant 


_ and does not diminish as the m'xtures continue to stand. And, what 
is quite as striking, there is no laking in these mixtures. We must 


accordingly conclude that while formaldehyde at first renders 
the corpuscles more permeable to NaCl it later on renders _ 
them again as impermeable as in normal blood. A small 
amount of NaCl seems to slowly penetrate the corpuscles even in 
ordinary blood, for in the observation of Mar. 30, 11.38 a.m. (Exp. I.) 
the conductivity is lower after the mixture of defibrinated blood and 
NaCl has stood 3 hours. 

When the fixing action of the formaidehsie has gone 
so far that NH,Cl solution no longer causes the liberation 
of the blood-pigment from the corpuscles, NH,Cl still 
penetrates them in preference to NaCl. This is clearly seen 


in the observations on blood A on April 1 (Exp. 1). It is also shown 


there that the penetration of the NH,Cl goes on more slowly than in 
normal blood. Thus, 20 hours after mixture the conductivity of 
A+NH,Cl is markedly less than 4 hours after mixture, and 4 hours 
after mixture it is much less than 13 minutes after mixture. 

In blood B (Exp. I.) the laking of the corpuscles by NH,Ci solution 
is distinctly less rapid than in normal blood so long as the blood is 
fresh. This must be attributed to the protective action of the NaCl 
added to B. 

As regards the action of saponin solution and water 


it is a remarkable fact (illustrated in Exp. I. and still better 


in other experiments) that the conductivity is affected by’ | 
the addition of these reagents to formaldehyde blood ex- 
actly in the same way as when they are added to normal 
blood. This is true even when the blood-pigment has 
been fixed in the corpuscles by the formaldehyde so that 
no laking is produced by the saponin or water. If there 
is any difference at all as regards the effect of water or saponin on the 
conductivity of the normal and formaldehyde blood, it lies in this that 
a rather larger relative increase in conductivity is produced in the 
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formaldehyde blood. Thus in Exp. I. Mar. 31, the ratio of the 
conductivity of the defibrinated blood to that of the blood + two 
volumes of water is 1:88; while in the same Exp. on April 1, the ratio 
of the conductivity of the formaldehyde blood to that of the formal- 
dehyde blood + two volumes of water is 1°58. 

This is a convenient place to mention a fact which I have not 
hitherto seen recorded, namely, that the formaldehyde when it acts on 
blood changes the hemoglobin into methemoglobin. This change 
takes place inside the corpuscles when the formaldehyde is added in 
NaCl solution, so that the blood is not laked. When a sufficient 
. volume of the formaldehyde in watery solution is added to blood, the 
blood is laked since, as Hedin has shown’, the corpuscles are easily 
permeable to formaldehyde. In this case the change of hemoglobin into 
methemoglobin takes place outside of the corpuscles. Benedicenti’ 
has stated that when formaldehyde is added to blood, hematin is formed 
not methemoglobin. I can only say that my observations have led 
me to the opposite conclusion. The cautious addition of ammonium 
sulphide to formaldehyde blood diluted with boiled water causes first 
the oxyhwmoglobin bands to appear, and then the band of reduced 
hemoglobin, while the band in the red fades out. With such solutions 
of formaldehyde as I have used the production of methemoglobin is 
gradual, and for some time after the addition of the formaldehyde the 
oxyhzemoglobin bands are stronger than the band in the red. 
| In Exp. II. blood to which formaldehyde had been added was — 

followed for a much longer time than in Exp. I, with the view of 
determining how long the preference for NH,Cl over NaCl on the part 
of the corpuscles would persist. The result was surprising. 15 days 
after the addition of the formaldehyde there was still a 
distinct, and apparently not a diminishing difference in — 
permeability in favour of the NH,Cl. This difference was 
particularly evident when a considerable interval elapsed between 
mixture and measurement. Saponin caused a somewhat greater 
increase in conductivity at the end than at the beginning 
of the experiment. Water also produced at least as great 
a relative increase, and apparently a somewhat greater in- 
crease after the formaldehyde had acted for 15 days than 
at the beginning of the experiment. And this was the. 
case both for saponin and water at a time when all the 


1 loc. cit. 2 Archiv f. Physiol., 8. 210, 1897. 
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blood-pigment had become fixed in the corpuscles, and no 
laking occurred. 

Even in less than 6 hours after the addition of the formaldehyde 
it was noticed that heating of the blood to 60°—62° in one ob- 
servation, and to 55°—60° in another failed to cause laking, and 
produced instead a precipitate. | 

To remove the objection that the results obtained with the formal- 
dehyde blood might possibly be due not to the interaction of the cor- 
puscles and the NH,Cl, NaCl, saponin and water, but to some reaction 
between the extra-corpuscular liquid and these substances, Experiments 
III. and IV. were carried out. 


Exp. III. To 100 .c. of dog’s defibrinated blood (drawn 68 hours before and kept in 
the cold) added drop by drop, with constant stirring, 3 c.c. of 40°/, formaldehyde solution. 
After standing 30} hours, a portion of the mixture, which had become considerably darker, 
was centrifugalised for 25 mins. The experiments summarised in the table were im- 
mediately made with the original defibrinated blood, the formol blood, the top of the 
centrifugalised formol blood (which still contained numerous corpuscles), and the bottom 
of the centrifugalised formol blood. 184 hours later, i.e. 49 hours after the addition of 
the formaldehyde, a second series of experiments was made with the formol blood. 


Formol Topof Bottomof Formol 
Defib. blood formol formol 
blood (1st series) blood blood —= (2nd series) 
31°22 29°48 34°54 28°81 — 30°18 , 


+NH,Cl 61°95 49°13 54°40 46°69 66°90" For the NH,Cl sol. \ = 187°77 
+NaCl 76°82 67°24 70°81 64°67 69°45+ For the NaCl sol. \ = 182-03 

+saponin 60°40 58°26 57°09 52°43 54°05 For the saponin sol. \=80°22 
+ water 20°17 21°72 22-02 20°76 §§ 22°42§ For the serum from blood-clot 


obtained from the same dog 
A = 83°66 


_ Except where indicated in the footnotes the measurements were all made 17 to 
18 hours after mixture. The NH,Cl sclution caused rapid laking of the defibrinated 
blood but no laking of any of the other specimens in 30 mins. After 17 hours there was 
complete laking in all the specimens to which NH,Ci had been added, except in the 
second series of formol specimens, in which there was no laking even in 50 hours, Water 
caused immediate laking in the defibrinated blood but none in the others. The NaCl 
soluti.n caused no laking. . The saponin solution caused rapid laking in the defibrinated 
blood but none in the others. — 

* 49 hours after mixture; 51} hours after mixture \=62°75, and 54} hours after 
mixture A= 62°51. 

+ 4% hours after mixture; 51} = 72°43. 

t 5 hours after mixture; 514 hours after mixture \=53-71. 

§ 5 hours after mixture; 514 hours after mixture \= 23-04. 


Exp. IV. Serum I. was obtained from dog’s blood-clot. For it \=82°57. It contained 
some blood-corpuscles. To it was added half its volume of a 3°/, solution of formaldehyde in 
a NaCl solution (A=78°00). Serum II.+formol was the same serum after it had stood 
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24 hours in the cold and some of the corpuscles had settled. It still contained a few red 
corpuscles, but not so many as serum I. For the NH,Cl solution added to serum I. 
+formol and to serum II.+formol \=82°30, and for the NaCl solution \ = 78°24. 
Serum ITT. was from the clot of another dog’s blood and was free from coloured corpuscles. 
For serum III. \=83°66; for the NH,Cl solution added to it \=137-77, and for the 
NaCl solution \=132:03, No formol was added to serum III. nor serum IV. 


: The formol sol. used 
Serom I. + formol Serum II. + formol 
Actual Theoret. Diff. Actual Theoret. _ Diff. Actual Theoret. Diff. 
77°52 79°97 61°88 
+NH 76°18 79°91 -38°78 | 79°47 81°13 -1°66.| 72°84 7206 +0°78 
+N 78°97 7781 +109 | 79°47 79°10 +037 | 72°22 7003 +1°99 
Serum III. Serum IV. Another formol solution 
Actual Theoret. Diff. Actual Theoret. _ Diff. Actual Theoret. Diff. 
83°66 85°64 68°14 
+NH,Cl 109-74 110°71 -0°97 
+NaCl | 106-96 107°84 -0-88 
+ saponin | 84°22 85°23 -1-01 | 67°24 68°71 -1°47 
+ water 26°88 ; 


The numbers under the heading “) theoretical” are the arithmetical means of the 
conductivities of the NH,Cl or NaCl solutions and the serum or serum mixtures to which 
they were added. As was always the case, except where the contrary is noted, a given 
volume of serum was mixed with the same volume of the NH,Cl or NaCl solution. The 
saponin solution was a 8°/, solution of crude saponin in NaCl solution for which \= 78-24. 
For the saponin solution \=80°22. To serum IV. it was added in the usual quantity, 
viz. for 1 vol. serum 08 vol. of the saponin solution. To the formol solution the saponin 
solution was added in the proportion of 05 vol. saponin solution to 1 vol. formol solution. 


In Exp. III. a number of specimens of formaldehyde blood con- 
taining corpuscles in different proportions were submitted to the usual 
tests. That is to say, some defibrinated blood to which formaldehyde 
had been added was centrifugalised and the behaviour of the top and 
bottom layers compared with that of the non-centrifugalised formal- 
dehyde blood and of the original defibrinated blood. It is obvious 
from the table that the difference in the conductivity of the NH,Cl 
aud NaCl mixtures is greater‘in the case of the bottom than of the top 
of the formaldehyde blood. The difference between the non-centri- 
fugalised formaldehyde blood and the bottom is not’ more conspicuous 
simply because the separation of the corpuscles by the centrifuge was 
very incomplete, as is clear from the fact that the conductivity of the 
bottom is only a little less than that of the non-centrifugalised formal- 
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dehyde blood. As usual, the difference between the NH,Cl and NaCl 
mixtures is greater for the normal defibrinated than for the formalde- 
hyde blood, and in the second series of observations on the formaldehyde 
blood (when the fixing action had gone further) the difference is less 
than in the first series. There is, however, a distinct difference in the 
second series, which increases with the interval between mixture and 
measurement. Saponin and water, as was seen in previous experiments, 
cause quite as great a relative increase of conductivity in all the 
specimens of formaldehyde blood as in the defibrinated blood. 

In Exp. IV. NH,Cl and NaCl were added to three specimens of 
serum, two of which had previously been treated with formaldehyde 


and the third not. A small difference in the same sense as when 


NH,Cl and NaCl are added to blood was obtained when some 
corpuscles were present in the serum. This difference was smaller in 
the second specimen of the serum from which some of the corpuscles 
had been removed by sedimentation than in the first. When NH,Cl 
and NaCl were added to serum which was free from coloured corpuscles 
the characteristic difference disappeared altogether. The characteristic 
difference was also lacking when NH,Cl and NaCl were added to a 
formaldehyde solution. Control experiments with saponin and serum 
and saponin and formaldehyde likewise showed that no Teaction 
between these could explain the results, 

_ Having proved thus far that the peculiarities we are studying 
depend on the corpuscles (though not on their life), the next step was 
to determine whether the entire structure of the corpuscles must be 
preserved in order that the characteristic reactions may be exhibited 
or whether the ghosts or shadows of the corpuscles, after they have 
been laked in any way, will still show the same peculiarities, Since, 
as'I proved in a previous paper’, in laking by heat the electrolytes do 
not come out of the corpuscles, or do not come out to the same extent 
as in laking by water or by saponin, the “stroma” may be supposed to 
have undergone a smaller change. For this reason it seemed best to 
begin by comparing heat-laked with normal blood. This was done in 
Exps. V. and VI. 

These experiments show, in the case of fresh and of stale blood 


; respectively, that after laking by heat the blood has lost its peculiarity 


of behaviour as regards NH,Cl and NaCl. Saponin, however, increases 
the conductivity of heat-laked, just as of normal blood, and indeed, in 


1 loc, cit, 
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the case of the heat-laked blood obtained from fresh defibrinated blood 
(Exp. V.), to a somewhat greater extent. If normal defibrinated blood 
which has been laked by saponin be heated to the temperature at 
which the blood would be laked without the addition of saponin, the 
conductivity is still further increased. I have pointed out in my 
former paper that water also causes a relative increase in the con- 
ductivity of heat-laked blood. — 

The ghosts of the heat-laked blood, then, preserve some 
of the peculiarities of the entire corpuscles, but lose their 
characteristic reaction to NH,Cl and NaCl. This suggests 
that they preserve certain of the peculiarities of structure of the 
corpuscles while losing the rest. That in heat-laking a certain amount 
of fixing of the ghosts takes place seems indicated by the observation 
mentioned in Exp. VI., that when blood -was laked by heat and then 
treated with saponin a much larger number of ghosts was found than 
when the blood was first laked by saponin and then heated to the 
temperature at which heat-laking takes place. To see whether it was . 
possible to alter the behaviour of the heat-laked blood with reference to 
NH,Cl and NaCl by fixing the ghosts with formaldehyde, Exp. VII. was 
performed. In it the behaviour of defibrinated blood was compared 
with that of heat-laked blood with and without the addition of formal- 
dehyde, and also with that of defibrinated blood to which formaldehyde 
was added. The experiment goes to show that, as a matter of fact, 
heat-laked blood after treatment with formaldehyde behaves as regards 
NH,Cl and NaCl like normal blood, only the difference between these 
two salts is far less. It is possible that the reason why the conductivity 
of the mixture of NH,Cl with the heat-laked blood to which formal- 
dehyde has not been added is greater than that of the NaCl mixture is 
that the NH,Cl penetrates the ghosts so easily that the NH,Cl solution 
acts on them like water and that this more than counterbalances the 
withdrawal of NH,Cl by the ghosts. The formaldehyde by fixing 
the ghosts may hinder this action of the NH,Cl solution. It is, 
however, against this idea that when NH,Cl or NaCl is added to 
heat-laked blood it becomes in both cases somewhat less dark in 
reflected light. This would indicate that the ghosts behave in the 
same way to both salts as regards osmosis. 

The experiment shows that saponin and water act on the 
heat-laked blood which has been treated with formaldehyde 
just.as on normal blood or on ordinary heat-laked blood. © 

Exp. VII. further enables us to compare during several days 
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the behaviour of two specimens of the same blood treated 
with formaldehyde in different amounts (A containing 1}°/, 
and D about 3°/, of formaldehyde). There is no essential difference. 
Therefore the peculiarities which formaldehyde blood shares 
with normal blood do not depend upon imperfect fixation of 
the corpuscles nor on the escape of some of the corpuscles 
from fixation on account of a deficiency in the amount of 
formaldehyde. 

An interesting difference was shown in the result of adding the two 
solutions of formaldehyde to the heat-laked blood. The weak solution 
caused no noticeable precipitate ; the strong solution caused the heat- 
laked blood to set almost at once into a firm jelly. It had no such 
effect on the defibrinated blood. The explanation doubtless is that the 
strong formaldehyde solution causes very rapid coagulation of the 
contents of the corpuscles which are brought out by heat-laking, and in 
particular the liberated blood-pigment, and does not cause such rapid 
coagulation of the serum-proteids. A control experiment made on 
a solution of methemoglobin obtained by exposing dry oxyhemoglobin 
crystals (prepared from dogs’ blood) to the air, showed that the formal- 
dehyde solutions used in the experiments caused precipitation of the 
methemoglobin. The methemoglobin from its spectrum appeared 
to be free from admixture with oxyhemoglobin, and since it was 
entirely soluble in water it was free from hematin. 

In ordinary blood laked in any way the addition of formaldehyde 
produces after a time a precipitate containing not only blood-pigment 
but proteids. An observation which was constantly made when formal- 
dehyde blood was laked by NH,Cl, saponin or water is thus explained. 
No matter how transparent the liquid might be at first, a precipitate 
formed in it on standing and it became thick and turbid. In the 
case of NH,Cl this went so far that after some hours the laked blood 
set into a solid jelly. This jellying of the blood was only seen when 
laking was produced before the formaldehyde had acted very long, 
obviously because after the formaldehyde action had gone on for some 
time the blood-pigment (or proteid contents of us corpuscles ?) were no 
longer brought out by laking agents. 

In Exp. VIII. the behaviour of blood laked in other ways than by 
heat, viz. by saponin and water, was tested as regards NH,Cl and NaCl 
and compared with that of defibrinated blood. In order to exaggerate 
any difference which might exist an attempt was made to collect the 
ghosts by centrifugalising blood after laking with saponin. But as I had 
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noticed in previous work it is difficult or impossible to separate the 
ghosts by the centrifuge; and it is doubtful whether the “bottom” 
of the saponin blood used in the experiment contained any great excess — 
of ghosts. The fact that its conductivity was rather less than that of 

the “top” indicates that it contained a somewhat greater number, 
since the conductivity of the ghosts, like that of normal corpuscles, is 
smaller than that of the serum. The experiment shows that both 


for the saponin-laked and the water-laked blood the conductivity a 


few minutes after the addition of NH,Cl was somewhat less than that 
of the corresponding mixture of laked blood and NaCl. Taking into 
account the fact that the conductivity of the NH,Cl solution was 
higher than that of the NaCl solution, this may indicate that the — 
ghosts are more permeable to NH,Cl than to NaCl. If this is the case, 
the excess of absorption of NH,Cl would seem to have disappeared 
when the mixtures were allowed to stand for 22 hours. At any rate 
the conductivity of the NH,Cl mixture increased, a phenomenon noticed 


also in some of the other experiments. 


There are other facts which indicate that the ghosts of water-laked 
and saponin-laked blood do not behave in the same way to NH,Cl and 
NaCl. For instance when NaCl solution is added to water-laked‘ blood 
to which it is hyperisotonic the laked blood becomes redder in reflected 
light. A similar solution of NH,Cl produces no effect on the appear- 
ance of the water-laked blood, which remains dark in reflected light. 
The interpretation of this experiment seems to be that the NaCl does 
not penetrate the ghosts easily and therefore causes them to shrink, 
while the NH,Cl, passing freely into them, does not produce any change 
in their shape or volume. It is in accordance with this that when 
water-laked blood to which NaCl was added was allowed to stand, 
a considerable sediment separated, while water-laked blood to which 
NH,Cl was added deposited only a very scanty sediment or none at all. 
The specific gravity of the ghosts and partially laked corpuscles when 
shrunk by the NaCl would of course be greater than when swollen 
by the water or NH,Ci solution. The same difference is seen in 
saponin-laked blood to which NaCl and NH,Cl have been added. 

In Exp. IX. the behaviour of spontaneously laked blood to NH,Cl, 
NaCl, saponin and water was investigated. From the high conductivity 
of the blood it was evident that laking had taken place some time 
before the experiment began. No evidence is afforded by the experi- 
ment that the ghosts take up NH,Cl in preference to NaCl. But 
probably a good many of the ghosts had disappeared, and the small 
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Exp. IX. Behaviour of spontaneously laked blood to NH,Cl, NaCl, saponin and water. 


In the column headed “theoretical \” are given the conductivities calculated on the 


assumption that the total volame of the ghosts is oo that they take no part 
in the reaction. 


Actual Theoretical 
Difference 
Dog’s defib. blood laked ery by 

standing inthecold 60°07 

+NH,Cl (after 20 mins.) sa ve 70°61 69°77 +0°84 

+NaCl (after 20 mins.) _.... 70°03 68°33 +1°70 

+°05 vol. saponin sol. pea 30 mins. ) 63°37 60°90 +2°47 
+2 vols. water (after 30 mins.) 80°25 
The NH,Cl solution 79°47 
The NaCl solution . 76°59 
_ The saponin 


total volume of ghosts remaining may have prevented a decisive 
difference from being shown, if such in reality exists. In spite of the 
fact that at this stage of spontaneous laking a great part of the electro- 
lytes has come out of the ghosts, saponin caused a small increase in the 
conductivity, an increase too great to be accounted for by the NaCl in 


the quantity of saponin solution added. The addition of water also 


caused a smaller diminution of conductivity than would have been the 
case in an ordinary solution of electrolytes. 

In Exp. X. the characteristic effect of saponin in increasing the 
conductivity of spontaneously laked blood is well shown. 


a in sterilised flask, defibrinated with broken glass; § in sterilised flask, defibrinated 
with glass beads; + in unsterilised vessel. Kept at room temperature. 


Mar, 11 23°91 
20°86 15°90 putrid smell; a, 
87°39 “04 42°91 
89°82 75-11 51°00 
» 23 45°80 84°38 58°41 
Mar. 22 73°37 | 11450 91°85 | 0-08 vol. of saponin sol. was added to saiudine 
+ saponin of a, 8, and y on Mar. 22, The saponin sol. 
» 23 84°92 | 187°3- | 110-22 was made by dissolving 5-2 grms. of crude 
saponin in 100 c.c. of dog’s serum which had 
been heated to 65°. The conductivity of the 
saponin solution was 82°66. 


Microscopical observations. Before summarising the chief conclusions 
of the research, I think that some microscopical observations are perhaps 
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worth recording here, as they could not be conveniently introduced 


elsewhere in the paper. I hope to have another opportunity of | 


describing more in detail the appearances presented by vari numerous 
preparations examined. 

For fresh preparations the best way of bringing, in my experience, 
out the ghosts is to add on the slide a drop of Léffler’s methylene 


blue or a solution of methylene blue in normal saline. When this 


is done crowds. of ghosts’can often be seen where they were altogether 
or almost invisible before. I have tried to harden and stain the ghosts 
of water-laked blood, and by using formaldehyde for the fixing agent 
have met with some slight degree of success, although they are certainly 
difficult objects to obtain permanent preparations of. When fixed by 
formaldehyde they stain with eosin, but not in the fresh condition. 
The ghosts of water-laked blood fixed with formaldehyde appear as 
rings with a double contour. Sometimes fragments of the rings may be 
seen, also showing the double contour. Sometimes the rings may 
be seen to be broken at one point and lying like the broken hoops 
of a cask. | : 

- Perhaps the most interesting point was noticed in fresh preparations 
of blood which had been treated with formaldehyde and then laked by 


NH,Cl solution or water. Here on a casual view many of the ghosts 


appear to be elliptical in outline, presenting all gradations in the length 
of the minor axis, while the major axis is of approximately constant 
length and about equal to the diameter of a normal coloured corpuscle. 
A little study shows that this appearance is due to the fact that 
although the ghosts are really round, thin dises, they lie with their flat 
surface tilted at-all angles to the line of vision, so that one diameter is 
foreshortened. When seen on the flat they are round. When seen exactly 
on edge they are not always dumb-bell shaped, like normal corpuscles 


or formaldehyde-hardened corpuscles that have not been laked, but may 


look like narrow rods with double contours. They may even appear to 
be slightly bulged out where the normal corpuscle is cupped, so that 
some of them when seen exactly on edge may present the appearance 
of an exceedingly narrow ellipse. In ordinary blood laked by water or 


NH,Cl or saponin all the ghosts appear round, no matter in what 


position they are viewed. Nor is the oval appearance seen in formal- 
dehyde blood when the laking agents have been added at such a stage 
in the action of the formaldehyde that the contents of the corpuscle are 
already fixed and laking does not take place, In the laked formal- 


dehyde blood although the blood-pigment has passed out of the. 
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corpuscles, swelling of the ghosts has evidently been prevented by 
the fixing of some structure in them, except that they may perhaps | 
swell so far as is necessary to obliterate the normal biconcavity. 
Owing to their new shape or their altered specific gravity, I suppose 
they have acquired the power of floating indifferently in any position in 
the drop. The fact that there is enough of fixed material in the ghosts 
after the escape of the blood-pigment to enable them to retain their 
characteristic shape seems to indicate the existence of a “stroma” in 
Rollett’s sense. 

It is in favour of this view too that in formaldehyde blood to which 
saponin has been added, even when the saponin has caused the liberation 
of the blood-pigment from the corpuscles, the addition of water or a 
watery solution of methylene blue does not break up the ghosts, as is 
the case when water or a watery solution of methylene blue is added to 
ordinary saponin-laked blood. | 

In heat-laked blood the ghosts are more irregular in size and less 
regularly round in shape than in water-laked blood, and the average 
diameter is less. The ghosts in heat-laked blood are not altered in 
appearance or in their behaviour to methylene blue by the addition of 
NH,Cl, NaCl, saponin or water in the quantities in which I have used 
them. In saponin-laked blood the leucocytes often appear larger than — 
usyal, as if swollen. The nucleus, which still stains well with methylene 
blue is often displaced to one side, as if the leucocyte had swelled more 
on one side of it than on the other. The leucocytes still tee the brown 
reaction with iodine. 

In nucleated coloured corpuscles (of bird) the nucleus can ac be 
displaced by various methods of laking. But if the corpuscles have 
been first acted on by formaldehyde, the hemoglobin can be removed 
from them without alteration in the shape or position of the nucleus. 
It is possible by a combination of laking and fixing to cause the 
nuclear material which stains with methylene blue to become diffused 
through the corpuscle without escaping, for example when the blood is 
laked by water and then fixed by formaldehyde. 


SUMMARY. 


1, The difference in the behaviour of the coloured corpuscles to 

NH,Cl and NaCl is not dependent on the life but on the structure of 
the corpuscles, and not merely on the structure of the entire corpuscle 
but to some extent on the structure of the colourless portion of it 
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(stroma, envelope). The characteristic difference is exhibited by blood 
which has stood for as much as 12 days without being laked, by blood 
which has been fixed by formaldehyde, and to a smaller extent by blood 
laked by saponin and by water. 

- 2. There is, however, a noteworthy distinction between the per- 
fectly fresh corpuscles and corpuscles which have stood some time in 
the length of the period of resistance to the entrance of NH,Cl, which 
is much greater for fresh than for stale corpuscles. 

_ 8. Formaldehyde at first increases the permeability of the cor- 
puscles for NH,Cl, or at any rate shortens the period of resistance, and 
even renders the corpuscles permeable to NaCl. Later on, as the 
formaldehyde continues to act on the corpuscles, the permeability for 
NH,C! diminishes and that for NaCl disappears. But even 15 days 
after the addition of formaldehyde to blood, and at a time when the 
corpuscles are completely fixed, they remain oe permeable to 
NH,Cl. 

4. Saponin and water have the same effect on the conductivity of 
blood whether they are added to fresh blood, stale blood, blood 
hardened by formaldehyde, or blood laked by heat. This action does 
not depend on the liberation of the blood-pigment but is the same 
whether laking is possible or not. 

5. When blood is laked by NH,Cl or water after the corpuscles — 
have been partially fixed by formaldehyde, the ghosts, notwithstanding 
the liberation of the blood-pigment, retain the form of thin discs, | 

6. When formaldehyde is added to blood it changes the hemoglobin 
into methsemoglobin. 


ine | 
4 
4 
3 
¢ 


THE COLORIMETRIC DETERMINATION OF HAMO- 
GLOBIN. By JOHN HALDANE, MD. F.RS. (One 
Figure in Text.) 


[From the Physiological Oaford.| 
THE colorimetric method of determining the relative percentages of 
hemoglobin in different samples of blood has hitherto suffered from 
the disadvantage that there has been no satisfactory means of preparing 
a permanent and at the same time definite standard of colour for making 
the comparisons. 

- Some time ago Hoppe- Seyler’ introduced the plan of using as 
a standard a solution of pure oxy-hemoglobin of known strength. 
He also drew attention to the fact that although such a solution 
soon decomposes when left exposed to_the air, yet strong solutions 
of either reduced hemoglobin or CO-hawmoglobin, when kept sealed 
up, may be preserved indefinitely without showing signs of spectroscopic 
change, and may be opened and diluted when required for use with 
a colorimeter. In a later paper* he described a special colorimeter, 
for which a dilute solution of CO-hamoglobin is made as required 
from a stronger standard solution which has been kept sealed up. 
Dilute solutions of CO-hzemoglobin are stated to be unstable. On 
account of the difficulty in. preparing perfectly pure solutions of 
hemoglobin Hoppe-Seyler’s method is not very rauoremeras be besides 
being too complicated for ordinary work. 

Solutions artificially coloured of the same tint as dilute oxy-hemo- 
globin of a certain strength have been adopted in some hemoglobino- 
meters, the simplest and most convenient of which is the instrument 
of Gowers’, where a mixture of picric acid and carminate of ammonia 
is employed to give the standard tint. In the instruments of 
v. Fleisch] and Oliver coloured glass of variable depth of tint is 
substituted for the coloured liquid. 

There are two serious defects connected with the use of artificially 
coloured solutions and tinted glass. The first is the difficulty in 
standardising a given coloured solution or piece of coloured glass to 
correspond with a definite strength of hzmoglobin solution. The 
second is that eK with a certain strength of solution or thickness 

1 Handbuch der physiologisch-chemischen Analyse, 5th edition, p. 485. 1883. 


2 Ibid. 6th edition, p. 413 ; also Zeitschr. fiir physiol. Chemie, xv. p. 505. 1892. 
3 Trans. of the Clinical Society, x1. p. 64. 1878. 
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of tinted glass, and a certain quality of light, it is possible to imitate 
exactly the tint of a given solution of oxy-hemoglobin, yet the same 
solution in greater or less strength, or the same kind of glass in greater 
or less thickness, will not reproduce in quality the tint of a corre- 
spondingly stronger or more dilute solution of oxy-hemoglobin. More- 
over if the quality of the light alters, the colour match is disturbed. 
Thus a picro-carmine solution which exactly matches diluted blood 
in tint at one time of day will often appear too pink or too yellow 
a short time later, and with gas-light will give quite a different result 
from that obtained by daylight. The difficulty depends upon the 
fact that the visible spectra of the oxy-hemoglobin and the artificial 
colouring agents are not only different but are not correspondingly 
affected by attenuation or by changes in the quality of the light. By 
using a definite kind of artificial light in a dark room, and by various 
other precautions, the difficulty may be overcome, but the method 
becomes very complicated, and the difficulty of standardisation remains. 
In the apparatus of Gowers no dilution of the standard picro-carmine 
solution is required, but this solution itself is not stable; it seems 
as a rule to become yellower and deeper in tint, so that the results 
obtained with it are far too low. Thus two old picro-carmine tubes 
which had been for several years in the laboratory gave results which 
were respectively about 40°/, and 30°/, too low. Another old standard 
tube of foreign make gave, however, a result 42°/, too high. A satis- 
factory colour match could not be obtained with any of them. A tube 
freshly supplied from Mr Hawksley, the maker, gave, on the other hand, 
a result only 3°/, lower than the normal described below; and fairly 
exact colour match by day was obtained on most days. 

_ Hemoglobinometers are usually adjusted so as to give results in 
percentages of the average proportion of hemoglobin in healthy human 
blood. The amount of hemoglobin in 100 c.c. of blood varies, however, 
considerably in different individuals, and in the same individual at 
different times. It is thus very difficult to verify a given instrument. 
In my own case, for instance, I have observed a variation of 12°/, in 
the percentage of hemoglobin during the past few months. 

It is often assumed that colorimetric methods are, at the best, only - 
rough, and that, in particular, any colorimetric method of determining 
hemoglobin, particularly with very small quantities of blood, must 
necessarily be inexact. This idea is altogether a mistaken one. Apart 
from the difficulties just mentioned the colorimetric method is capable 
of giving extremely exact results; and both the measurements and 
the colour matching are just as accurate on a small scale as where 
large quantities of blood are used with the ordinary measuring instru- 
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ments. In the method now to be described I have endeavoured to 
eliminate the sources of uncertainty and to make the procedure as 
simple as possible. 

As was recently shown by Lorrain Smith and myself! the 
colouring power of the blood of different mammals varies in exact 
proportion to its oxygen capacity. The latter can | ' 
be easily and accurately determined by means of 
the ferricyanide method’. Thus blood of a certain 
oxygen capacity has alsu a certain colouring power ; 
and it is possible to standardise the colouring power 
in terms of the oxygen capacity. We can therefore 
make the unit of volume the basis of our definition 
of the unit of colouring power employed in hemo- 
globin determinations. Since, however, oxy-hemo- 
globin is not stable, a solution of oxy-hemoglobin 
of known oxygen capacity is not itself a suitable 
standard of colour, and I have therefore adopted 
as a standard a dilute solution of blood of known 
oxygen capacity, saturated with coal-gas. This 
solution is sealed up in a narrow test-tube after 
all the contained air has been displaced by coal- 

- gas, and when thus completely sealed is permanent. 

~The operation of sealing in a current of coal-gas is 
carried out by means of the arrangement shown. in 
the figure, the inner tube being drawn upward out 
of the way before the blow-pipe flame is applied at A. 

The blood of which the hemoglobin is to be determined may be 
measured out from a capillary pipette into another test-tube of equal 
diameter, into which water is added from a burette, and the whole 
determination carried out in the manner already described by Lorrain 
Smith and myself’, the solution being however shaken with coal-gas, 
to saturation of the hemoglobin with carbonic oxide, before the final 
additions of water. If this method be adopted, the whole apparatus 
is standardised by means of the blood from which the standard solution 
is prepared, and the exact capacity of the capillary pipette, and exact 
equality in diameter of the two test-tubes are of no importance. As 
the two tubes contain the same pigment it is evidently a matter of 
indifference whether daylight or artificial light be used. I have found 


1 This Journal, xxv. p. 331. 1900. * This Journal, xxv. p. 295. 1900. 
* This Journal, xxv, p. 382. 1900. The method of using nothing but two test-tubes 
for the colour com — is not only simpler, but also more accurate, than the more 


complicated volving special apparatus, 
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that the accuracy of the results is quite as great when fresh blood is 
used. 

Hoppe-Seyler’s statement that CO-hemoglobin in dilute solution 
does not keep, was probably due to his having neglected the precaution 
of displacing all oxygen from above the solution. If air is sealed in 
along with the dilute solution, or if the sealing is imperfect, decom- 
position certainly occurs, and part of the hemoglobin is split up beyond 
the stage of meth-hemoglobin, so that it is never reduced back again 
by further bacterial action. When air is excluded the appearance 
and spectroscopic characters of the solution remain unaltered. To | 
ascertain definitely whether there is decomposition of any kind in 
the hemoglobin, when the tube is sealed up with coal-gas, I have 
kept a tube for several months exposed to both bright light and 
summer warmth, and at intervals made by means of it determinations 
of the hemoglobin of various samples of fresh blood, the oxygen capacity 
of which was at the same time determined by the ferricyanide method. 
Had there been any decomposition of the solution, the parallel deter- 
minations would not have agreed’. The following table shows the 


| results obtained : 


Blood by bby colorimetric 
used method method 
Ox 20°66 20°66 
Sheep 16°45 16°39 +0°4 %, 
Ox 16°89 16°99 +0°6 ,, 
Ox 22°02 21°96 —03 ,, 

Ox 16°34 16°32 ” 
Ox 21°80 21°62 -08 ,, 
Rabbit 14°68 14°75 +0 ,, 
Ox 16°76 16°82 +03 ,, 


The tubes used in these experiments having broken, another lube 
belonging to the Gowers apparatus used as described below was filled 


witha solution made by diluting to 1°/, blood of 19°1°/, oxygen 


capacity, as determined by the ferricyanide method. When carefully 
tested a few days later against a fresh sample of blood the strength of 
the solution was found to be “191 °/,, and eight months later to be still 
‘191 °/,,.8o that there was no alteration. 

These results show clearly that no appreciable change alia in 
the standard solution during the period of the observations. They 
also furnish further evidence of the fact that the oxygen capacity of 
normal blood varies exactly with its colouring power. 

1 In the event of the sealing being not quite perfect the colour will 


from pink to purple owing to the escape of the carbonic oxide from the tube, “4 


consequent dissociation of the CO-hemoglobin. If much air enters, the solution will 
become yellow. The tint of the standard solution must always be the same as that of 
fresh normal blood saturated with CO or coal-gas. 
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Two determinations were as a rule made in each case by both the 
ferricyanide and the colorimetric method; otherwise the agreements 
would not have been quite so close. _ 

It is evident that the standard solution first described is well 
adapted for use with the hemoglobinometer of Gowers, which is 
particularly convenient, especially for clinical work: and I have found 
that. the’ Gowers’ hemoglobinometer with the new standard solution 
is capable of giving results hardly, if at all, less accurate than with the 
arrangement described above. It is essential, however, that the tubes 
should be correctly calibrated, and of even bore, and that the 20c.mm. 
pipette should deliver the correct amount of blood. 


The tubes are calibrated in the following manner: 0°40 c.c. of 1 °/, blood 
solution is delivered from a special pipette into each tube, which is then 
inserted so that the sides are completely wetted, and afterwards allowed to 
stand for half-a-minute, when a mark corresponding to 20°/, is made and 
etched on the glass. A further addition of 1°60c.c. is then made from the 
same pipette, so as to fix the position of the 100°/, mark in a similar manner, 
The finer calibration of the graduated tube is then made with a dividing 
apparatus in the usual way. The accuracy of the calibration can easily be 
verified by weighing the contained liquid, which has practically the same 
specific gravity as water. If the precaution of wetting the sides with blood 
solution be not taken, the indications of the instrument will in practice be 
about 2°/, too low. The distances between the 20°/, and 100°/, marks on the 
two tubes ought to be the same’, The 20c.mm, pipette is so graduated that 
when filled with water to the mark it weighs 200 decimilligrammes more than 
when empty and dry. Before use it must be cleaned, if necessary, with a 
wire, followed by rinsing ‘with water, and careful drying by sucking air 
through, 

In using the instrument, sufficient water is first added to dilute the blood 
as far as safely possible. After the blood has been added, but before mixing, 
a piece of narrow rubber or glass tubing connected with a gas-tap or burner is 
introduced into the free part of the tube, and pushed down to near the level 


of the liquid, the gas being meanwhile turned on, so that the air is instantly 


displaced from the tube. The gas tube is then withdrawn while the gas is 
still flowing, and the top of the graduated tube at the same time quickly 
closed with the finger. The liquid is then made to run up and down the 
tube about a dozen times, so that the hemoglobin becomes thoroughly 
saturated with CO and the full pink tint of CO-hemoglobin appears. Water 


amie any pair of tubes the distances between the marks do not correspond, the _ 


correction needed will be proportional, not to the relative distances between the marks, 


-but to the square roots of these distances—i.e. about half as much. Thus if the distance 


between the marks in the graduated tube is 10°/, greater than in the tube containing the 
standard solutions, the indications of the instrument will be 5 °/, too low. 
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is then added drop by drop from the dropping pipette supplied with the 
apparatus, until the point is reached when the tints appear to be equal’. 
The percentage is read off on the tube after half-a-minute has been allowed 
for the liquid to run down. Another dro) is now added, and if necessary 
another, until the tints again appear unequal. The mean of the readings 
which gave equality is taken as the correct result, Each drop of the 
dropping pipette corresponds to about 2°/, on the scale, and usually the 
tints will appear equal for two, or possibly three, additions. The results 
in successive experiments with the same blood should agree to within 1 °/, 
of the mean, To obtain this accuracy care is necessary to avoid any 
appreciable loss of liquid during the necessary manipulations. If the upper 
part of the tube, or the liquid itself, is warmed by the fingers while the 
solution is being mixed or saturated with CO, a little liquid is apt to spurt 
out. This can be avoided by holding the tube in a cloth. 

In comparing the tints of the two tubes, it is best to hold them up 
against the light from the sky, or from an opal glass globe when artificial - 
light is used, The precaution must always be taken of repeatedly trans- 
posing the tubes from side to side during the observations: otherwise very 
considerable error may arise’, 


The standard solution for the hemoglobinometer is a 1 °/, solution, 
saturated with coal-gas, of ox or sheep’s blood of the average oxygen 
capacity of the blood of normal adult males. This was found to be 
18'5°/, in observations by Lorrain Smith and myself on twelve 
individuals*, For greater certainty that this average is sufficiently 
correct I have made a further set of determinations on perfectly healthy 
men, with the Gowers’ hemoglobinometer, as just described. The 
instrument used was repeatedly checked against ox-blood of known 
oxygen capacity. The results were as follows: 


cc, of oxygen Percentage by 

Age 100 c.c, scale 

22 189 102 

80 17°9 97 

40 19°1 103 

36 18°1 98 

19 18°5 100 

16 17°6 96 

31 20°4 110 

22 103 

25 189 102 

45 179 97 

22 17°0 92 

; 62 18°5 100 
Average 18°5 100 


1 If the blood under examination is, in spite of sufficient dilution and an additional 
saturation with gas, yellower in tint than the standard solution, then methemoglobin 
bilirubin, or some other abnormal pigment must be present. Saturation of the blood 
with carbonic oxide affords a delicate method of detecting abnormal pigments. 

2 This Jorunal, xxv. p. 338. 1900. 3 Ibid. p. 340. es 
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The average of this series is again 18°5°/,, and I have definitely 
adopted as a standard solution for the hemoglobinometer a 1 °/, solution 
of ox or sheep's blood of 18°5°/, oxygen capacity. If it be borne in 
mind that 100°/, on the hemoglobinometer scale corresponds to an 
oxygen capacity of 18°5°/,, it is of course easy to express the results 
in terms of oxygen capacity. The exact percentage of hemoglobin 
corresponding to 18°5°/, oxygen capacity is still uncertain. _ According 
to Hiifner’s latest results it would be 13°8°/,. ~ 

I have also made a series of observations on the blood of perfectly 
healthy and well-nourished children and women, with the following 
results : 


CHILDREN. | WomMEN. 

3 

i 
4 
83 M 16°8 91 104 35 16°4 89 100 
15°8 855 98 90 101 
15°7 85 98 28 87 98 
9 M 17°0 92 105°5 38 15°0 81 gl 
12 F 163 88 101 85 17°8 96 108 
15 M 15°7 85 98 23 178 96 108 
ll M 15°9 86 99 21-155 84 95°5 
12 M : 15°7 85 98 26 16°5 89 100 
12 F 165 89 102 37s: 163 ‘88 99 
7 F 17°0 92 105 40 16°5 89 100 
15°6 845 72 16% 89 100 
Average 1671 87 100 Average 16°5 89 100 


It will be seen from these tables that the average percentage of 
hemoglobin in the blood of women and children is very considerably 
(11°/, for women and 13°/, for children) below that of adult men. 
The facts that (1) the percentage found was even lower in boys and 
girls than in women, and (2) that in no case among women did the 
hemoglobin percentage reach the average in men, seem to exclude 
the supposition that the common occurrence of slight chlorosis explains 
the low average in women. In calculating the proportion of bemo- 
globin in the blood of women and children as percentages of the average 
‘normal proportion it is evidently necessary to add about {th for women, 
and }th for children to the percentage found by the penne remmmenter 
with the standard solution described above. — 

The following results obtained with a sample of ox-blood, and 
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definite dilutions prepared frou it, will give an idea of the degree of 
accuracy attainable with the modified Gowers’ hamoglobinometer. 


| a 
2) 95 (1) 95 

By light of 
By daylight 5 eu with opal | ag 

6) ” ; 

Mean 95° °/, Mean 95°65 °/, 

Same sample diluted | ( Go 48 "l Same sample diluted | (1) 19 °/, 
to half. ylight. to Daylight. (2) 19,4, 


It will be seen that the maximum error in any single determination — 
was 0°8 °/,. 
_ The correctness of the indications of any given instrument can be 
verified by determining by the ferricyanide method the oxygen capacity 
of a sample of fresh defibrinated ox or sheep’ s blood, and then ascer- 
taining whether the hemoglobinometer gives correct results with this 
blood and definite ditasons of it. 


CONCLUSIONS. 


1. Hemoglobin can be easily and accurately determined colori- 
metrically, in terms of its oxygen capacity, with the help of a standard 
solution of CO-hw#moglobin. 

2. The standard solution is easily prepared, can be verified at any 
time, and is permanent when properly sealed up. 

3. The determinations can be carried out either by daylight or 
artificial light. | 

_ 4, The Gowers’ hemoglobinometer, when provided with a standard. 
solution of CO-hemoglobin, and properly graduated, gives extremely 
accurate results. 

5. The average oxygen capacity of the blood in healthy adult men 
is 18°5°/,, in women 16°5 °/,, and in children 16:1 °/,. 


1 The Gowers’ apparatus as described above, including the standard blood solution, 
is now supplied by Mr Hawksley, 857 Oxford Street, the maker of the original Gowers’ 
apparatus. 
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The eyeball as an electrical organ. By A. D. WALLER. 


The purport of this communication is to describe results of an 
‘investigation of the effects of electrical excitation of the frog’s eyeball 
by single induction shocks and by condenser discharges; and to compare 
such effects with those obtained upon the electrical organs of Torpedo 
and Malapterurus. 

The normal electrical response of the frog’s eyeball to light is 
directed from fundus to cornea; this may be referred to as the normal 
or positive direction analogous with the normal or positive direction of 
discharge of an electrical organ. 

_ The electrical response of the frog’s eyeball to mechanical and to a 
single electrical stimulus in either direction is normal or positive. 

The positive response of the eyeball to a positive current (induction 
shock, condenser discharge) is the analogue of du Bois-Reymond’s 
homodrome discharge. The positive response to a negative current is 
the analogue of a heterodrome discharge. Both effects are abolished at 
death or by strong tetanisation, the eyeball then manifests little or no 
current after passage of exciting currents, the trace of effect if any 
being in the direction of ordinary polarisation, viz. negative to exciting 
current. The nature of response in the living and dead eyeball is thus 
_ similar with that given by du Bois-Reymond in the case of electrical 
organ, viz. : | | 
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EYEBALL. 
Direction of the physio- 
logical discharge Fundus to Cornea Venter ee 
ve 
Direction of the excit-| <—— 
ing current negative positive heterodrome homodrome 
_ fam 
on response 
of the normal organ positive positive absolutel ue ‘absolutely and 
positive 
(III & IV) 
or polarisation larisation | absolutely positi absolutely and 
or po lutely positive utely an 
organ | and relatively negative 
negative 


The maximum voltage as yet observed of the eyeball response is 
gyth volt., ie. of the same order of magnitude as that of a single 


electrical’ disc—0°03 to 0°45 volt.? 


When single electrical currents are passed through a normal eyeball | 
and a galvanometer in series, in positive (homodrome) and negative 
(heterodrome) direction, the positive always exceeds the negative 
deflection. The inequality is due to the positive response passing 
through the galvanometer with the positive exciting current and 
against the negative exciting currrent. 


Demonstration was given at the meeting, of the following points: 


'. I. Positive responses -- > caused by single induction shocks of 
both directions >. 


2. Greater deflection in the positive than in the negative direction, 
when the eyeball and galvanometer were traversed by a single break 


induction shock in positive and negative directions. 


3. Augmentation of both deflections (7.¢. diminution of resistance) 
and abolition of their inequality, in consequence of strong tetanisation 
(ie. abolition of the positive organ response by exhaustion). 


A Further note on Vaso-dilator fibres in Posterior Roots. 


By W. M. Bavuiss. 


In continuation of the research communicated to the Society at 
the meeting on March 17th, 1900, the following experiments have been 


1 du Bois-Reymond, Arch f. (Anat. u,.) Physiol. 1885, p. 121, Fig, 7. 
*Gotch, Schéiifer’s Text-book of Physiology. u. p. 584, 
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performed in order to elucidate the meaning and causation of the 
phenomenon in question. 

If these fibres are of similar origin to those described by Lenhossek 
in the posterior roots of the chick, which are stated by him to arise 
from cells in the anterior horn and pass out in posterior roots without 
having any cell connections in the spinal ganglia, it is evident that they 
will degenerate when the posterior roots are cut between the cord and 
the ganglia and sufficient time allowed before the excitation is pro- 
ceeded with; a number of experiments of this nature have been 
performed, the posterior roots of the lower lumbar and Ist sacral nerves 
have been cut, and at a period varying from eight days to a fortnight 
afterwards the effect of excitation has been tested in the way previously 
described ; vascular dilatation was produced in a degree equal 
to that in the normal animal. These fibres therefore are 
not similar to ordinary efferent fibres, and must have their 
“trophic centres” peripheral to the cord. | 
In order to be quite certain that the anterior roots were not 
concerned in the production of the effect, an experiment was performed 
in which the whole of the lower end of the cord was removed, and 
eight days afterwards the anterior and posterior roots together excited 
in the non-curarized animal, there was no trace of muscular contraction, 
showing complete degeneration of fibres to voluntary muscles and 
notwithstanding this the vascular dilatation was present to its usual 
degree. Excitation of lower lumbar and upper sacral anterior roots 
in the normal animal had previously been found to produce no dila- 
tation of the limb-vessels. 

Further, the fibres in question do not pass into the 
abdominal sympathetic chain; the abdominal sympathetic of one 
side was totally extirpated down to the middle of the sacrum and it 
was found that excitation immediately afterwards of the lumbar 
posterior roots even as high as the 5th produced the dilatation as usual. 

The idea suggests itself that the fibres may be connected with the 
cells of a sympathetic type described by Dogiel in the spinal ganglia, 
but if so it is obvious that the cells must have two axons, or T junctions 
similar to the sensory fibres, as otherwise they would degenerate 
between the cord and ganglion when cut close to the cord, which they 
do not, as has been shown above; moreover nicotin painted on the 
spinal ganglia has no effect on the transmission of the 
impulses. Another possibility must not be lost sight of, viz. that 
they may be sensory fibres made to convey impulses backwards and by 
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some peripheral mechanism caused to excite efferent fibres to the 
vessels; at present we have no suggestions as to how this may take 
place but Langley’s axon_reflexes must be kept in mind. 

It may be well to point out in this connection that the swelling of 


_ the limb’is a genuine vascular dilatation as shown by the increased 


redness of the toe-pads and the rise of temperature in the paw; this 
fact seems to exclude the muscle-spindles from any share in the 
phenomenon, since a contraction of the vestigial muscle-fibres in them 
could not cause, directly, a dilatation of the vessels, even if, improbable 
as it is, their contraction could cause an apparent increase of volume by 
altering the position of the plethysmograph on the limb. 

In one experiment the spinal ganglia of the 4 last lumbar and the 
first 2 sacral nerves were extirpated and the peripheral end of the 
sciatic excited 8 days afterwards with induction shocks at intervals 


of 1”; constrictor effect only was produced, on the uninjured side 


considerable dilatation was produced in many cases but not at every 
excitation: the result as far as it goes shows that no dilator fibres 
reach the sciatic from other sources than the posterior roots; but 
further experiments are in progress. 

In the previous communication it was stated that no effect had 
been obtained in the cat ; this has since then been found to be present ; 
but the nerve roots, anterior and posterior, very quickly lost their 
excitability. Effects have also been seen on the fore-limb from the 
posterior root of the fifth cervical and a slight effect on the kidney 
(one experiment only) from the posterior root of the 12th thoracic, 
both these latter being in the dog. Further experiments here also 
are in progress. 4 
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‘Some observations on the nerve cell connection of the 
efferent vagus fibres in the tortoise. By L. Noon. 


It has been shown by various methods that the inhibitory fibres for 
the heart of the mammal and frog end in connection with nerve cells 
situated in the heart itself. And by the nicotin method Langley* has 
shown that the efferent fibres of the vagus, which supply the stomach 
and cardia in the rabbit, probably end in ganglia in close connection 
with the stomach wall. In both cases, then, the nerve cells are placed 
near the termination of the nerves. , 

In Crocodilia and Chelonia the vagus has on its course at some little 
distance from the heart and stomach a small compact ganglion which 
has been figured by Gaskell and Gadow* amongst others. In the 
crocodile and alligator Gaskell* came to the conclusion that this 
ganglion contained nerve cells which were on the course of efferent 
fibres to the esophagus and stomach. 

It seemed desirable that some further observations should be made 
on the reptilian ganglia. I have taken the tortoise (Testudo greca) as 
the most readily available animal. 

In my experiments the animals were pithed. A one per cent. solution 
of nicotin, or a weaker solution, was injected through the right jugular 
vein of the animal. The local application’ of nicotin gave no good 
_ results. The dissection to expose the ganglion, and the branches of the 

_ vagus peripheral to it, so injures the circulation of blood in the nerves 


Schiffer. .Text-book of Physiology, 1. p. 664, 
* Journ. of Phys. v. p. 362. 8 Journ. of Phys. vt. p. 20. 
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that the nerve fibres themselves were soon paralysed by even ‘5 per 
cent. solutions of nicotin. 

In the tortoise the vagus can be stimulated above and below the 
ganglion. I found that injection of a small dose of nicotin, even 5 mg. - 
into the blood vessels, paralysed the vagus above and below the 
ganglion, but did not prevent the normal inhibitory effects from being 
produced by stimulating the walls of the great veins or the nerves 
peripherally on the heart. I conclude then that the inhibitory vagus 
fibres end in nerve cells in the heart itself, as they do in other animals 
that have been investigated. 

In the observations of the stomach I began by taking tracings from 
a strip of the anterior stomach wall. A strip cut in the direction of 
the transverse muscle fibres, and left attached at both ends so as not to 
destroy its nerve and blood supply was lifted up on a glass hook. The 
hook was suspended to the writing lever. The rest of the stomach was 
held down in place by a glass rod fixed in a clamp. But some con- 
tractions of the stomach following on vagus stimulation do not spread 
over the whole viscus, and hence may not be recorded by such a strip. 
It was found quite easy to observe the stomach directly, and in this 
way every contraction could be noted. In the tortoise the contractions 
of the stomach are very largely peristaltic in nature, and a ring of 
contraction can often be seen passing down from the cardiac end on 
stimulation of the vagus. Sometimes the whole stomach passes into a 
condition of contraction for a minute or two. But tracings taken from 
a strip show that relaxation begins as soon as stimulation of the vagus 
is stopped. 

The effect of nicotin on the motor vagus fibres to the sennach is not 
so easily observed as that on the cardiac inhibitors. In the first place 
the stomach muscle does not remain irritable so long as does the heart 
muscle. In the second place stimulation of the vagi does not always 
give any contraction of the stomach. Thus of six left vagi three gave 
good contractions constantly, one gave small contractions, one gave a 
single good contraction which was not repeated, and one gave no 
contraction. Stimulation of the right vagus has a less, and less 
constant effect on the stomach. This inconstancy of the result of 
stimulating the vagus makes it necessary to stimulate both before and ~ 
after the injection of nicotin. Three such experiments were completed. 

In the first experiment the left vagus gave small contractions of 
the stomach, the right vagus none. After injecting 50 mg. of nicotin 
. ho contraction was obtained by stimulating central or peripheral to the 
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ganglia on the vagi. In the second the left vagus gave one strong 
contraction which was not however repeated, the right vagus gave 
no contraction. After injecting 10 mg. of nicotin no contraction was 
obtained. In the third both vagi gave strong contractions. After 
injecting 5 mg. of nicotin no contraction was obtained. The nicotin 
was found, in fact, always completely to paralyse the vagus peripheral 
as well as central to the ganglion, though the secondary coil was pushed 
up to within 4 cm. or less of its position of maximum efficiency. Before 
injection a strong contraction was usually obtained with the secondary 
coil at 8 cm., and if with the coil at 6 cm. no contraction was obtained, 
then no contraction could be got at all by stimulation of the vagus. 
One cell was used in every case. 

From these experiments I oouckode that the motor vagus fibres to © 
the stomach have their cell connection in the stomach wall. No other 
ganglia can be found between our ganglion and the stomach, on the 
course of the vagus. The vagus of the tortoise appears also not to 
supply fibres to the gut below the stomach, nor to the esophagus. No 
contractions of these viscera were observed. The cesophagus was 
watched with especial care because in the crocodile Gaskell found 
that cells in the ganglion trunci vagi sent motor fibres to the cesophagus. 
The ganglion in the tortoise, then, does not quite correspond in its 
functions to the similarly placed ganglion in the crocodile and alligator. 
It seems to contain no motor relay cells, and will therefore probably be 
found to contain sensory cells. 

_ The experiments of which I have given an account above were 
made in the Physiological Laboratory of the University of Cambridge. 

I am indebted to Dr Langley for much advice and assistance. | 


Observations on the metabolism of creatinine. By J. J. R. 
MACLEOD. 


(Preliminary Communication.) 

During investigations on the metabolism of creatinine several fucts 
have presented themselves which are of peculiar interest, and this is so 
- especially with regard to the variations in the quantity of this substance 
excreted in the urine in various diseases. 

Several experiments were performed on a normal subject in order to 
estimate the average amount of this body excreted in the urine, firstly 
during a flesh or creatine-containing diet, and secondly during a 
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creatine-free diet. During both these periods the diet contained 


_ approximately the same amount of N. and of Calories. 


It was found that in the former case the average was 2°098 gr. in 
24 hours, and in the latter 1:064 gr. ‘ During these two periods the 
total N. and the urea were estimated, the former by Kjeldahl’s method, _ 
the latter by that of Mérner and Sjéqvist. It was found that during © 
the first period an average of 13:7 gr. N. and 282 gr. urea were 
excreted, and during the second period 14°7 gr. N. and 26 gr. urea. 

These results confirm the results of Voit and others, that urea does 
not arise from creatinine, for, had this been the case, a greater diminu- 
tion of urea would have been expected during the second period. | 

The creatinine excreted by the urine may therefore be divided into 
an endogenous, and an ewogenous quotient, the former arising from. the 
metabolism in the animal’s own tissues, the latter from the creatine and 
creatinine introduced in the food. Since the total amount of creatinine 
excreted, therefore, must vary with the diet in omnivorous animals, it is 
necessary, in studying the variations in the excretion of this body in 
disease, to place the patient on a creatine-free diet. 

I have done this in several diseases, but more especially in muscular 
atrophy and in splenic enlargement. In the former disease I did not 
find any diminution, 

In cases of splenic enlargement, however, a very remarkable result 
was obtained, namely a diminution in the excretion by about 50°/,. 

The first case was one of Hypoleucocytosis, the leucocytes numbering 
on an average 2,000 per cubic mm., and the spleen being very much 
enlarged. The endogenous creatinine amounted in this case to ‘332 gr. 
in 24 hours (five estimations). 

The second case was one of splenic leucocythemia whies the 
endogenous creatinine amounted to °530 gr. in 24 hours (five esti- 
mations). 

The diminution, therefore, is probably not dependent on the number 
of leucocytes, but on the size of the spleen. In other words it would 
appear that the spleen exercises some influence on the metabolism of 
creatinine. In order to determine if this be so, I am at present engaged 
in studying the effect of splenectomy on the excretion of this body in 
animals, 

The estimations were made by Salkowski’s muathod, controls being 
carried out by a modification of Johnson’s method. | 
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Ether and chloroform extraction — consis liquids. 
By W. A. OSBORNE. 


1, Ether extraction apparatus for liquids. The principle of this — 
apparatus will be readily understood from the accompanying diagram, 
Fig. 1. It differs from the ordinary Soxhlet in having the siphon tube 
starting from a point A high up in the tube. D is a thistle funnel 
which collects the ether falling from the reflux condenser C. From its 
obliquely pointed extremity B the ether bubbles up through the 
aqueous solution £. 

The advantage of having a thistle funnel of considerable capacity as 
compared with an ordinary Y funnel is this, that when the siphoning | 
process has commenced the entire contents of the bulb D pass rapidly 
through the solution F stirring it up vigorously. 


Fig. 1. 
An apparatus of this construction, four centimetres in diameter will 
hold about 50 c.c. solution. 
The advantages claimed for this apparatus are its extreme simplicity, 

its cheapness and its reliable working. 
2. Chloroform extraction apparatus for liquids, Fig. 2. This appa- 
ratus is a little more complicated than the preceding one but its 
principle may be easily explained by the procedure adopted before and 
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during its use. First a few c.c.s'of chloroform are poured in so as to fill 
the lower bend of the siphon tube A. Then the liquid to be extracted 

is added until its surface reaches the opening of the second tube at D. 
_ The chloroform as it drips from the condenser falls through the solution 


Fig. 2. 4 

and collects at the bottom.. When the level of the solution ba has sated | 
a point represented by the dotted line F siphoning will commence 
through the tube ABC. This will stop however as soon as the opening 
D is uncovered for then air will be admitted through the = into the - 
lower tube. | 

siphoning process there is a tendency for the column of chloroform in 
the lower tube to suck a little of the solution through DZB. 

_ To prevent splashing of the solution by the falling chloroform a thin 
glass bulb with a diameter exceeding the radius of the extractor may 
be kept floating on the surface of the former. __ 

Both apparatus may be had from Miiller, High Holborn, the ether 
apparatus at the price of 4s., the chloroform at 5s. 


Note to Fig. 2. This figure is drawn very diagramatically. In. reality 


the siphon tube ABC should be close to the body of the extractor, D being 
placed a little to the side. : 
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| ; “New form of pendulum contact clock’. By C. F. PALMER. 
Communicated by T. G, Bropie. 


” This instrument was made for me by ©. F, Palmer. It has proved 
to be so efficient both as a time-marking and as an exciting clock; that 
I have thought it desirable to draw the attention of other physiologists 
to its advantages. The whole credit of the design is due to the maker. 

Description. This is an application to physiological purposes of an 
older form of electrical clock. It gives a contact either every second 

or, by a simple movement, every 2—10—30 or 60 seconds. The pen- 
- dulum is kept in motion by means of an electro-magnet Z, acting on 
the armature F, and will run, if necessary, without attention until 
the battery is exhausted, which would not happen for some weeks 
at least, as by an ingenious device the electro-magnet E only gives 
an impulse to the pendulum occasionally as required. This is accom- 
plished by means of a little tongue of steel hanging from armature F. 
When the pendulum is swinging its normal beat, the little tongue 
passes over the notched piece H, carried on the spring G, but as soon 
as the length of stroke becomes less than normal, the little tongue 
catches in the notch H, which depresses spring G making contact 
at J, thus exciting the electro-magnet H. It is so arranged that the 
contact is broken again just before the armature reaches the centre 
of magnet, thus allowing pendulum to continue its beat. 

A ratchet wheel A having 60 teeth is mounted so as to move 
1 tooth at a time by means of the paul B. As this moves it depresses 
spring D which makes contact at C. This contact is very quick and 
therefore gives a good tracing with any suitable chronograph. There 
are other wheels having 30—-6—2 and 1 teeth on the same axle as 
wheel A which can be made to gear with contact spring D at will, thus 
the different periods of contact are obtained. | 

There is also another simple but ingenious device for starting and 
stopping the pendulum. It is first hooked up on spring hook K, then 
by depressing lever J the pendulum is.set in motion. To stop it, it is 
only necessary to raise lever J again when the pendulum will hook 
itself up ready to start next time. It is so arranged that the same 
battery that works the chronograph maintains the action of pendulum. 
The connections being from terminal 1 to electro-magnet £, thence to 


The instrument can be obtained from C. Palmer, 6, Upper Tale Hil, Brston 
Hill, 8.W,, at the price of £4. Os. 0d. 
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spring G and from contact J to terminal 2. The chronograph circuit 
being from terminal 1 to spring D and from contact C to terminal 4. 
Terminals 2 and 3 being connected together. Battery (2 Leclanché 
cells) being connected to terminais 1 and 2. Chronograph to 3 and 4. 
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OA potentiometer for physiological use. By W. M. Baytiss. 


This instrument was designed to combine the advantages of the 
resistance box pattern of Latimer Clark and the wire and slider 
pattern of Du Bois Reymond. 

A platinum-iridium wire A (see fig.) 30 cm. long is stretched 
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between brass blocks, has a scale beside it divided into 100 parts 
and a slider B. Each end-block is connected with a series of eight 
resistances with plugs to short-circuit them; these resistances are of 
the relative values shown in the diagram, eg. the one next the wire 
at both ends is of the same resistance as the wire itself, the next 
twice the resistance and so on, the resistance of the whole instrument, 
with plugs in on one side, being 100 times that of the wire alone. 


RESISTANCE 
Box 


@arrery 


pe 


8 


EX 


A known potential difference is produced in Latimer Clark’s 
manner between the end-terminals C and D as shown in the diagram ; 
I find the most convenient standard cell to be Carhart’s zinc chloride 
and mercury cell of 1 volt EMF. 

The EM.F. to be balanced is connected to C and the slider B. 
When all plugs are in on lower side, as in diagram, the E.M.F. between 
CO and B is that indicated by reading of scale of wire alone and, since 
the whole resistance of potentiometer is 100 times that of wire, the 
EMF between extreme ends of the latter is ;4, volt ‘and each scale- 
division has the value of ;yh55 volt; if the E.m.F. to be balanced is 
greater than ;}, volt all that is necessary is to take out one or more 
of the plugs in the lower row and place in the corresponding holes 
-in the upper series of resistances; if for instance we transfer plug 1 to 
upper row we do what is equivalent to adding to the portion of wire 
lead off a length of wire qual to the whole length of wire 4, 
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1.6. hy volt, so that, if the original reading was say 005 volt, by taking 
out plug 1 we make it equal to ‘01 + 005 = 015 volt. 

It will be seen that by changing over a resistance from one énd 
of ‘the wire to the other end no alteration is produced in the total 
resistance of the potentiometer, and therefore the difference of potential 
between its terminals remains as before. 

The advantage of this pattern is that it combines considerable 
range with delicacy of adjustment, it is, in fact, equivalent to an 
E.M.F. of 1 volt between the ends of a wire 30 cm. x 100=30 metres 
long. 

The instrument was made by Nalder Bros, and Co. of Westminster 
at a cost of £11. 0s. Od. 
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The frog’s skin as an electrical organ. By A. D. WALLER. 

At the last meeting (November) of the Society I showed the effects 
of homodrome and heterodrome (positive and negative) excitation of 
the Frog’s Eyeball, and called attention to the close similarity between 
these effects and the effects of homodrome and heterodrome excitation — 
of an electrical organ. | 

The purport of the preneat communication is to make comparison 
between similar effects of excitation of the Frog’s skin and organ 
response; taken in conjunction with the previous comparison between — 
eyeball and organ response, it is clear that the comparison of eyeball 
and of skin respectively with an electrical organ as _— common 
standard of reference, implies their comparison inter se. 

Skin currents have been a subject of investigation by many pre- 
' vious observers (du Bois-Reymond, 1849; Engelmann, 1871—2; 
Roeber, 1869; Hermann, 1878; Bach and Oehler, 1880; Bayliss 
and Bradford. 1886 ; Wermouth Reid, 1893; Kisdermsan. 1893) 
with various results and various interpretations. Deferring for a future 
occasion the consideration of the Inistorical aspect of the questions 

raised, I shall for the present confine my remarks to a description of 

facts observed by one particular method, with a single layer of skin 


between electrodes. 


The method is similar to that described and figured in a recent 
communication to the Royal Society on the blaze-currents of the Frog’s 
Eyeball (Proceedings R. S., Dec. 6th), the skin led off from internal and 
external surface taking the place of the eyeball led off from fundus 
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and cornea. “Positive” direction is thus “outgoing,” and negative 
direction “ ingoing.” | 

Current of rest. With regard to direction, my observations agree 


_ with those of all previous observers to the effect that it is ingoing 


(negative) and that it increases during observation. Occasionally it 
may be outgoing (positive) at the very outset of observation, by reason 
of rough manipulation, and in such case the positive declines to and 
through zero to the increasing negative state. There is thus no 
essential difference between the so-called currents of rest in the two 
cases, although the one (skin) is generally observed as increasingly 
negative from the outset, while the other (eyeball) is generally observed 
as diminishingly positive, then increasingly negative. But in my view 
“current of rest” as applied to this falling state is a misnomer, and the 
declining current, whether decreasingly positive or increasingly negative, 
is in each case the subsiding current of excitation caused by manipu- 
lation of the organ. Having thus recognised the excitatory origin of 
these so-called currents of rest, we must, however, further recognise 
that in the state of rest to which both organs gradually approximate 
by gradual subsidence of manipulation blaze, there is negative current, 
from cornea to fundus in the case of the eyeball, from external to 


internal surface in the case of the skin. 


Current of action. The principal facts according to my observations, 
are that any and every kind of stimulus of a fresh eyeball is followed 
by a positive electrical response (t.e. by a negative variation of the 


negative current of rest); and that any and every kind of stimulus © 


of a fresh skin is followed by a positive electrical response (i.¢. by a 
negative variation of the negative current of rest), 

To which may be added a third statement, which I have fully. 
substantiated in the case of the eyeball, but only partially studied 
in the case of the skin, to the effect that compression and rough 
manipulations of the two organs respectively 1° elicit positive current 
(manipulation blaze), 2° disfavour the normal (positive) action current 
produced by a single electrical stimulus of whatever direction, and 3° 
unmask a negative component, clearly and regularly in the case of the 
eyeball, less obviously in the case of the skin. In this condition, the 
eyeball and the skin give respectively positive interrupted by negative 
response (triphasic response + — +), or in the case of the eyeball pure 
negative response. Pure negative response in the case of the skin has 
not yet come under my observation, but I do not now wish to commit 
myself to any denial of the effect, and intend to carefully investigate 
this point further. It is, however, in any case a rare and exceptional 


effect. 
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The normal and regular electrical response of the skin to any sort of 
disturbance, mechanical, chemical or electrical, consists in a positive 
(outgoing) current. This outgoing direction is in my view that of the 
normal organ discharge analogous with the normal direction of organ 
discharge in the case of electrical organs, which is the type of such 
effects, and in that of the eyeball, as shown at a previous meeting of 
the Society. And the electromotive value of the effects in the three 
cases is of the same order, viz. 0°03 to 0°05 volt’. The analogy will be 
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Positive response to positive excitation is “homodrome "; positive response to nega- 
tive excitation is “heterodrome”. After death the slight effect when visible is in the 
direction opposed to that of excitation, i.c. an ordinary polarisation counter current. — 


most clearly appreciated by reference to the accompanying diagram, 
giving a comparative view of the phenomena in the three cases of the 
electrical organ of Torpedo (after du Bois-Reymond), the frog’s 
eyeball and the frog’s skin. 


1 On one occasion I observed a value of 0°09 volt for a homodrome (positive) skin 
response. But I think such a high value is exceptional. Ill-nourished frogs give very 
low values. 3 
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Some data regarding magnitudes of skin effects of electrical excitation. 


p 


Excitation. Response. 

Break induction current 100 + + 0°0050 volt 
+ 0°0010 

1000 + + 00550 ,, 

1000 + 0°0850 

10,000 + + 00700 ,, 

: 0,000 + 0°0900 

Break. induction shock 1000 + 0°0330 _,, 
000 00420 ,, 

5000 + + 0°0260 ,, 

+ 0°0820 ,, 

Make induction shock 1000 + + 0°0046 ,, 
000 — + 0°0015 ” 

Break induction shock 1000 + + 0°0140 ,, 
1000 — + 00160 ,, 

Make 500 nil 
500 nil 

Break 500 + 0°0085 ,, 
500 + 00135 ,, 

Make 1000 + + 0°0160 ,, 
1000 - + 0°0065 ,, 

Break 1000 + + 0°0870 ,, 
1000 + 0°0500 ,, 

Condenser dis- 8 volts 1 mF, + (= 640 ergs) + 0°0100 ,, 
99 ” + 0°0100 ” 

8 volts 0°1 mF, + (= 64 ergs) + 0°0015 ,, 

” ” ” + 0°0008 _,, 


N.B. The + sign signifies outgoing direction, the - sign ingoing direction. 
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The proteids of unstriped muscle. By SWALE VINCENT and: 
THomas LEwIs. 
(Preliminary communication. ) 
_ Although some little attention has been paid to the physiology 
of unstriped muscle, the subject of its chemistry seems to have been 
almost. totally neglected. One reason for this is to be found in the 
fact that a supply of material for investigation under suitable conditions 
has not been easy to find. 

We hageegbtained an abundant supply of plain muscle from the — 
stomach of the sheep and calf and the rectum of the latter animal. 
These organs have always been obtained immediately after death of 
the animal, and in the case of the stomach the blood vessels have been 
kept attached so that we have been able to thoroughly wash out the 
blood from the muscle before making the extract’. 

Halliburton? states that “In the stomach and uterus rigor has 
been observed, but in other forms of plain muscle it is hard to 
recognise. A proteid coagulating at 56°C. has been obtained from 
all kinds of unstriped muscle’. Kossel‘ found the one coagulating 
at 45° C, (paramyosinogen) absent in a muscular tumour of the uterus.” 
_ Since the exact nature of the proteids in muscle plasma obtained 
from the skeletal muscles is still a subject of debate, we have contented 
ourselves for the present chiefly with the institution of a comparison 
between the behaviour of an extract of voluntary and one of involuntary 
muscle when subjected to certain tests. 

On the subject of the proteids in striped rauscle and the methods 
of investigating them, it is only necessary to refer to Halliburton’, 
v. Firth®, and Stewart’. 

The method of heat coagulation as a means of identifying and 
separating proteids is, of course, one to be used with the greatest 
possible caution. This was pointed out by Haycraft and — 


1 In our earlier experiments: later, this was omitted. 

* Schafer, Text-book of Physiology, I. p. 99. 

? Halliburton however gives no reference on this point. 

4 Quoted by Hoppe-Seyler, Physiol. Chem. Berlin, 1881. s. 669. 

5 Journ. of Physiol. vu. p. 188, and other 

Arch. f. E Path. u. Pharm. xxxv. 6. 281. 18965. 

7 Journ. of P siol. xx1v. ® Proc. R.S. Edin. 1888-1889, p. 361. 
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who showed that the coagulation point varies with the sagas of 
heating, concentration of the fluid, réaction’, and saline substances 
present. 

We have reduced the possibility of error from these factors to a 
minimum by employing extracts made from voluntary and involuntary ~ 
muscle and performing simultaneous experiments, so that the two 


_ extracts are studied under as nearly as possible the same physical 


and chemical conditions. 

We have used both v. Fiirth’s method and that of Halliburton* 
for making the extracts. 

The reaction of the involuntary muscle and its extracts is alkaline 
or sometimes neutral, while striated muscle and its extracts are 
distinctly acid* 

On performing fractional heat. coagulation after extracting with | 
5°/, magnesium sulphate, we find that the paramyosinogen (myosin of 
v. Fiirth) coagulating at about 47°—50°C. is either totally absent 
or present in very small quantities, while the myosinogen (myogen of 
v. Fiirth) coagulating at 55°—65° is abundantly present. 

_ The extract obtained by v. Fiirth’s method with normal saline 
solution from the involuntary muscle coagulates spontaneously on 
standing, and gives precipitates on heating at both 47°—50° and 


55°—65° in varying proportions in different experiments. 


We thus see that in extracts of plain muscle made with 5°/, 
magnesium sulphate we get very small quantities, if any, of 
paramyosinogen, as shown by temperature of heat coagulation, but 
comparatively large quantities of myosinogen. On the other hand 
the relative abundance of the two precipitates is very variable when 
‘9°/, sodium chloride is employec. The possibility suggested itself to 
Stewart‘, who worked with striped muscle, that paramyosinogen and 
myosinogen were not independent of each other, and that at the death 
of the muscle the onset of rigor is determined by the formation of 
paramyosinogen from myosinogen or the formation of both from some 
other body. 

The varying ratio between the amounts of these two proteids under 
varying circumstances as pointed out by him, and the very striking 
2 We have mad ble effort to avoid the possibility of error from this 
of voluntary muscle are always acid. In some experiments we have rendered our 
extracts of striped muscle alkaline, in others the unstriped acid, without affecting our 
results. Demant (quoted by Stewart, loc. cit., without reference) says that an alkaline 
extract will not be precipitated at 47° even in several hours. This statement we have not 
been able to confirm. 

2 Without, however, the employment of cold. 


Du-Bois Reymond. Monatsschr. d. Akad. d. Wiss, z. 1859. 
8. 312, 
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examples of this we have met with in plain muscle, seem to us to 
render this view very probable. It seems likely (we are referring now 
to plain muscle) that solutions in normal saline of the proteid or 
proteids existing in muscle at the moment of death tend to take the 
‘form of: paramyosinogen, while solutions in 5°/, magnesium sulphate 
tend to exist as myosinogen, Whether one of these is formed at the 
expense of the other or both are derived from some other substance 
previously existing in the muscle, we cannot yet state. 

We have observed what we believe to be undoubted rigor mortis 
in the muscle of the calf’s stomach, which was kept at the body 
temperature for about three-quarters of an hour. There was marked 
contraction of both longitudinal and circular coats, loss of elasticity 
and translucency, and on deformation there was no tendency to return 
to the contracted position. The tiveue became faintly though dis- | 
tinctly acid. 

_. It appears to us probable that this rigor mortis of plain muscle may 

be due to changes occurring in paramyosinogen which has been formed 
in the dead muscle in contact with the saline moisture natural to the 
tissues. | 


1, Rigor mortis occurs in plain muscle as well as in striped when 
kept some time at the body eorpemetere. In rigor slight but definite 
acidity comes on. 
2. Unstriped muscle and its extracts in dilute neutral saline 
- solutions are neutral or alkaline, while those of striped muscle are 
always acid. 

3. Fresh extracts of plain acachs: made with magnesium milphate 
5°/, appear to contain little if any paramyosinogen as indicated by 
heat coagulation at 47°—50°, while there is evidence of abundance of 
myosinogen coagulating between 55° and 65°.’ | 

4. Extracts made with ‘9°/, sodium chloride coagulate asianens: 
eously at the temperature of the laboratory or slightly above this, 
and this gives rise to inconstancy in the results of heat coagulation, 
especially in regard to relative quantities of paramyosinogen and 
myosinogen. 

We hope to give an extended account of our results with details 
of experiments at an early date. 


a slightly higher temperature than 


perature if the extract be made at the moment of death. 
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A simple apparatus for the mechanical stimulation of nerve. 


By A. ScHAFER. 


An apparatus which I have found of great value for the mechanical _ 


stimulation of nerve is one which allows 


mercury to fall drop by drop upon the ‘ 


part of the nerve which it is desired to 
stimulate, The latter may if desired be 
protected from actual contact with the 
metal by placing over it a thin film of 
gutta-percha tissue ; this is however not 
generally necessary. In order to avoid 
any splash of the mercury and also to 
furnish a grooved position from which 


- the nerve is not readily displaced, it is 


passed into a short glass tube with a 
hole blown into it through which the 
mercury is allowed to drop either di- 
rectly on to the nerve or against its 
side, The glass tube containing the 
nerve is inclined in such a way that the 
drops of mercury are conducted away 


from the preparation and are received | 


into a bottle below. The jar of the drop 
is an efficient mechanical stimulus for 


the nerve. The mercury is contained in — 


a reservoir which may take the form of 
a short thistle funnel; this is connected 
by an indiarubber tube to a short piece 
of glass tubing drawn out to a point the 
size of which is so adjusted as to deliver 
drops of mercury weighing each about 
0'l gramme. The rate of dropping is 
adjusted by means of a clamp, which is 


rigidly attached to a brass frame in which the’ ee of the thistle funnel 
and the delivery tube are also held, and the clamp, actuated by a finely 
cut screw, compresses the indiarubber tube and allows the rate of drop- 
ping to be regulated from one drop in 5 minutes to 20 or more drops a 
second’. With an excitable preparation a fall of from 20 to 30 mm, will 
give a maximal response, but a fall of 10 mm. or even less than this is 


1 The apparatus is made Ednie, Mechanician in the Physilogial Laboratory of 
the University of Edinburgh, 
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sufficient to provoke a contraction, Stimulating in this way it is possible 
to obtain either a series of single contractions of precisely the same extent, 
or, with rapid dropping of the fluid, either incomplete or complete 
tetanus, Moreover, the part of the nerve employed appears to be in 
no way injured by the drops so that it is possible to stimulate the 
same place at intervals for an indefinite time without any cessation — 
of response other than that produced by fatigue of the muscle 
(cf. v. Uexhull, op. ett. infra). 

The dropper is fixed upon an upright stand in such a way that it 
can not only be moved in a vertical direction by means of a rack and 
pinion or other rigid adjustment but also horizontally either directly 
over or away from the hole in the nerve-tube. The rate and height 
of the drop being arranged beforehand, a stopcock which is just below 
the funnel serves the purpose of enabling the stimulations of the nerve 
to be commenced or ended at any given moment. The moment of 
impact of the mercury can be recorded by allowing the drop just before 
it reaches the nerve to form a junction between two points of fine 
platinum wire which are introduced into the tube and form part of 
the circuit of a Desprez signal. 

A tetanomotor arranged for stimulating a nerve by the dropping of 
mercury has been constructed by J. v. Uexhull’. The apparatus he 
describes is however of a somewhat complicated character, taking the 
form of a turbine which is not only actuated by the flowing mercury 
but at the same time breaks the regularity of the flow; it is moreover 
only adapted for the production of tetanus. I am also informed by 
Miss F, A. Welby that Professor J, C. Ewald has used the dropping of 
mercury upon a nerve as a means of stimulation, but the apparatus 
which he employed for the purpose has not as yet been described. 


Note on the results of circumsection of the motor cortex. 
By E. A. ScHAFER. 


The observations recorded were done in collaboration with Dr W. 
S. Woodworth. Their object was to test in the working the results 
obtained by Marique and by Exner and Paneth in the dog, but 
incidentally one experiment has been made in the cat and one in the 
dog. In one monkey and one cat a complete extirpation of a moter area 
was made for the sake of comparing the dpi, in the “ cireumsected” 
cases, 

In two successive experiments on one monkey a cut was. made 
through the piameter and the most superficial part of the cortex 

1 Zeitech. f. Biol. xxxt. p. 159. 1895. 
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alone, the cut circumsecting the arm area and avoiding large vessels, 
These experiments both gave no noticeable result. 

In four other experiments on monkeys the cut around the arm area 
was deep enough not only to penetrate the grey matter, but-to pass 
some distance into the white matter. In all four there was considerable — 
hemorrhage both superficial and deep. In three out of the four there 
was motor paralysis of the opposite arm, and in two of these cases there 


_awas also paresis of the leg: in one no paralysis was noticeable. In none 


was there any appreciable persistent sensory paralysis (tactile), but one 
showed homonymous hemianopsia persisting 14 days; when the animal 
was killed. The motor paralysis was in all cases less marked than with 
extirpation of the area. 

In three of the four cases the circumsected area was kcsicned just 
prior to the killing of the animal, and explored with the faradic current ; 
the time after the operation being from a fortnight to three wicks. 
In all, movements of the paralysed arm were obtained, but it required 


a stronger stimulus to elicit them than was the case with those of the 


normal side. The circumsected area had for the most part a pale 
or yellowish appearance, but in one which was examined in sections 
prepared by the Nissl method, the giant pyramidal cells were not 


smaller nor less numerous than those of the surrounding motor region, —_ 


and showed an increased amount of tigroid or chromatic substance. - __ 

In all which have been examined by the Marchi method ‘there is 
extensive degeneration down the pyramidal tract. 

In one monkey the whole motor area was isolated from the pre- 
frontal, temporal, and parietal lobes by sections made well beyond its 
limits, and extending deeply into the cerebral substance. In this 
animal no paralytic symptoms were noticeable. 

In the dog experimented on, a cut 5—7 mm. deep was made well 
around the sigmoid gyrus. The result of this was to produce paralysis 
for voluntary motion (inability to hold a bone, awkwardness in walking), 
and blunted sensibility on the opposite side, and also at first homony- 
mous hemianopsia which, however, had disappeared by the 5th day. 
The animal was killed one month after the operation: the circumsected 
area gave no result on stimulation. 

In the cat no attempt was made at circumsection, but a cut was 
made behind the motor area so as to sever it superficially from the 
posterior part of the brain. The operation was immediately followed by 
some paresis, both motor and sensory of the opposite limbs; but after 
3 or 4 days this had passed off. The animal was killed 22 days after 
the operation, Stimulation of the area in question produced move- 
ments of the opposite limb, The spinal cord showed degeneration in 


the pyramidal tract. 
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The result of these experiments and observations is to indicate that, 
although a circumscribed area may retain some degree of electrical 
irritability, there is so much disturbance produced in its anatomical 
elements, as the result of interference with its vascular supply’, that it 
is unnecessary to assume with Marique’, that the paresis which results 
from the operation is due to severance of superficial association fibres. 
It is besides probable that many, if not most of the association -fibres, 
have a deep course in the white matter, and are not injured by such 
incisions as have been employed in these and similar experiments. 


Chemistry of nerve-degeneration. By W. D. HALLisurton, 
F.RS. and F. W. Mort, F.RS. 


(Preliminary commumeation.) 


We have previously shown that in the disease General Parabo of 
_ the Insane, the marked degeneration that occurs in the brain is 
accompanied by the passing of the products of degeneration into the — 
cerebro-spinal fluid. Of these, nucleo-proteid and choline are those 
which can be most readily detected. Choline can also be found in the 
blood. We have continued this work, and we find that this. is not 
peculiar to the disease just mentioned but that in various other de- 
generative nervous diseases (combined sclerosis, disseminated sclerosis, 
alcoholic neuritis, beri-beri) choline can also be detected in the blood. 
The tests we have employed to detect choline are mainly two: (1) a 
chemical test, namely the obtaining of the characteristic octahedral 
crystals of the platinum double salt from the alcoholic extract of the 
blood ; (2) a physiological test, namely the lowering of blood-pressure 
(partly cardiac in origin, and partly due to dilatation of peripheral 
vessels) which a saline solution of the residue of the alcoholic extract 
_ produces: this fall is abolished, or even replaced by a rise of arterial 
pressure, if the animal has been atropinised. It is possible that such 
tests may be of diagnostic value in the distinction between organic and 
so-called functional diseases of the nervous system. The chemical test 
can frequently be obtained with 10.c.c. of blood. 

A similar condition was produced artificially in cats, by a division of 
both sciatic nerves; and is most marked in those animals in which the 
degenerative Sroben is at its height as tested histologically by the 
Marchi reaction. A chemical analysis of the nerves themselves was 
also made. A series of twenty cats was taken, both sciatic nerves 
divided, and the animals subsequently killed at intervals varying from 

Exner and Paneth. Pifliiger’s Archiv, xutv. p. 544. 1889. 

2 Recherch. expér., etc. Bruxelles, 1885. See Brain, vim. p. 536. 1885. 
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2 to 106 days, The nerves remain practically normal as long ag they 


: remain irritable, that is up to 6 days after the operation. They then 
show a progressive increase in the percentage of water, and a progressive 


decrease in the percentage of phosphorus until degeneration is complete, . 


When regeneration occurs, the nerves return approximately to their 
previous chemical condition. The chemical explanation of the Marchi 
reaction appears to be the replacement of Phosphorised by non- 
phosphorised fat. When the Marchi reaction disappears in the later 
stages of degeneration, the non-phosphorised fat has been absorbed. 
This absorption occurs earlier in the peripheral nerves than in the 
central nervous system. . 

Specimens, tables and lantern slides illustrating the correspondence 
of chemical and histological changes in the nerves were shown to the 
meeting. 

This confirms previous observations by one of us (M.) in the spinal 
cord in which unilateral degeneration of the pyramidal tract by brain 
lesions produced an increase of water and a diminution of phosphorus 
in the degenerated side of the cord, which wale by the Marchi 
reaction. 


The veratrine-like action of glycerine. By H. WitLoucupy 
Lye, M.D. | 
| (Preliminary communication.) 


These experiments were undertaken at the suggestion of Prof. 
Halliburton in view of A. Cleghorn’s statement’ that glycerine 
extracts of sympathetic ganglia produced after injection into the dorsal 
lymph sac of the frog, a veratrine-like action on the simple muscle curve 
obtained from the gastrocnemius. Prof. Halliburton had found that 
saline extracts of the ganglia and of brain do not have this effect. 
Choline also has no similar action. He therefore suggested to me that I 
should ascertain whether the result may not simply be due to glycerine, 


I have found that it is so. The latent period is somewhat increased, the - 


time and amount of contraction is also increased, but the most marked 
effect is great prolongation of the relaxation period. I have however 
never seen the initial twitch which veratrinised muscles usually exhibit, 
moreover the effect does not pass off on repeated stimulation. Further 
experiments on the influence of heat and cold are now in progress. 
At the time these experiments were started I was not aware that 
Langendorff? had previously performed experiments with 
and noted the main fact of its veratrine-like action. 


1 American Journal of Physiology, 1. p. 480. 
® Du Bois Reymond’s Archiv, 1891, p. 480. 
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Preparations demonstrative of survival experiments on the 
cornea. By G. BULLOT. 


§ 1. Introduction. It has been shown by Leber (in 1873) that the 
cornea of an eyeball in situ, denuded of the endothelium covering its 
_ posterior surface, becomes swollen and opaque by reason of an atete : 
due to the penetration of the humor aqueus. 

In conjunction with Dr Lor, I found that a similar edema of the 
cornea occurs in an excised eyeball (young rabbit) left for 24 or 
12 hours in the peritoneal cavity. We found that the change was due 
to necrosis of the endothelium. The change did not occur in an 
eyeball previously denuded of the epithelium covering the anterior 
surface, and, on examination of the posterior surface, we found that the 
endothelium was intact and “living.” We found further that the effect 
of the epithelium upon the endothelium was limited to regions of the 
former. Thus after central or lateral or circular denudation of the 
anterior surface, we observed central or lateral or circular preservation 
of the endothelium. 

§ 2. Method. The sign by which we recognized the presence of 
living epithelium or endothelium consisted in applying a wash of 
carmine (epithelium) or of methylen-blue (endothelium) to the surfaces 
of the cornea. Living tissue took no stain; dead wane was deeply 
stainable. | 

The preparations exhibited to-day consist in each case of an entire 
cornea. The anterior surface has been stained with carmine;- the 
posterior surface with methylen-blue. The injured part of ihe an- 
terior surface is therefore red and the uninjured part colourless. 
The necrosed parts of the posterior surface are blue and the living 
colourless, 

In certain cases, e.g. in the case of an eye kept in hydrogen (iv), an 
injured area of the anterior surface is red above a necrosed posterior 
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surface which is blue. By transmitted light such an area is therefore 
violet, 

§ 3. Haperimental donee. To what ‘might we attribute the 
injurious effect of the epithelium upon the endothelium? In my 
opinion, the necrosis of the endothelium is caused by asphyxia due to 
the barrier opposed to oxygen diffusion from outside by the cornea 
epithelium so long as it is alive. If it is removed in whole or in part, 
the endothelium is oxygenated in whole or in part. The partial effect, 
of which the localisation is somewhat of a surprise, is rendered in- 
telligible when one has inspected the localised and partial edema of 
the cornea that took place after localised and partial destruction of the 
endothelium, or after localised and partial preservation of the epithe- 
lium (which entails the corresponding necrosis of the endothelium). 
In order to test this view, and, at the same time, to learn. whether the 


| _ effects are in any degree dependent upon nutrition from the circulating 


blood, I made about 200 experiments, with the following results: 

(i) An enucleated eyeball, with intact cornea, left 24 hours or as 
long as 48 hours in moist air at 35°—38°, exhibits no necrosis of either 
surface. Theendothelium and the epithelium have continued to live; 
they are unstainable and do not exfoliate from their basement mem: 
brane.’ 

(ii) A similar spoball in an atmosphere of hydrogen exhibits . 
necrosis of the endothelium. The epithelium is still living. 

(iii) An eyeball with scraped cornea (epithelium aero, in 
moist air, exhibits no necrosis of the endothelium. 

(iv) A scraped eyeball, in hydrogen, exhibits ee aye necrosis of 
the endothelium. 

(v) An intact eyeball, in a mixture hydrogen 85 %/, and air 18 a 
(oxygen 3°/,), exhibits necrosis of the endothelium. 

(vi) A scraped eyeball, in similar no necrosis 
of the endothelium. 

(vii) A scraped eyeball with the cornea covered a a. tapet. of 
paraffine exhibits necrosis in air as well as in the mixture ; if sp es 
is partial the necrosis is correspondingly partial. - 

§ 4. Conclusion. The epithelium, so long as it. is alive, actin asa 
barrier to the passage of oxygen through the cornea, The 2 ae 
in consequence of the deficiency of oxygen, undergoes necrosis. . 


1 This result is an apparent contradiction of my principal conclusion. I ‘aii: the 
preservation of the endothelium under ‘these conditions in spite of the presence of the 
epithelium as being due to the high oxygen tension in air as compared with its tension.in— 
organic fluids, 
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‘Fie reaction of blood vessels to alterations of internal 
pressure. By W. M. Bay.iss. 


The hind-limb of an animal is separated from the nervous system, — 
either by section of sciatic and anterior crural nerves, or by section — 
of the spinal cord at 1st lumbar vertebra and of both abdominal 
sympathetic chains; it is now enclosed in a plethysmograph and. 
tracings taken of its changes of volume. If now the blood-pressure 
in its arteries is lowered, either by compression of the abdominal aorta, 
or by excitation of the peripheral end of the vagus, or by excitation 
of the central end of a depressor nerve, the immediate effect on the 
limb is the well-known passive diminution of volume owing to the 
lessened distension of its vessels, but if the writing lever is watched 
it is seen to begin to return while the blood-pressure may be still 
falling and may even reach its original position while the latter is 
still at its lowest point; on cessation of the cause producing the fall 
of blood-pressure there is a considerable dilatation of the limb, which 
effect had previously been masked by the fall of blood-pressure. This 
after-dilatation is seen even when there is no after-rise of blood- 
pressure, and when there is such a rise the limb dilatation is far 
greater than could be accounted for by it. 

Conversely, an increase of the internal pressure in the limb-vessels, 
produced by excitation of the peripheral ends of the splanchnic nerves, 
or the central end of a pressor nerve, produces an immediate increase 
in the volume of the limb, quickly followed by a reaction which shows 
itself on return of the blood-pressure to normal by an actual constriction 
of the limb-vessels. 

This reaction is, in all probability, in both cases of purely muscular 
origin; the muscular coat of the arteries responding to attempts to 
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stretch it by an opposing contraction and to a diminution of the 
stretching force by a relaxation. 

The extraordinary appropriateness of this mechanism will be seen 
at once on consideration. Take, for example, the case in which a 
fall of general blood-pressure is required, this will be produced by 
a universal vascular dilatation (except in the brain); but, owing to 
the preponderance | of the splanchnic area, the limbs, the relaxation 
of whose vessels is usually insufficient to produce an actual increase 
of volume of the limb, would be deprived of their proper supply when 
perhaps it might be particularly needed, were it not that their blood 
vessels automatically relax, and so make up for the lowered pressure 


‘by an increase of sectional area. 


Take again, the case in which as great as possible a rise or fall — 
of blood-pressure is required; if the limb-vessels allowed themselves 
to be passively distended or drained, the effect would be to partially 


_ annul the action due to constriction or dilatation of the splanchnic 


area, but since they react in the way described they assist to some 
extent in the production of the desired result. 

Another interesting case is that of the cerebral circulation. There 
is, up to the present, no evidence of the existence of any vaso-motor — 
supply to the brain; when an increased supply of blood is required 
it is provided by constriction in the rest of the body’, the effect being 
a rise of arterial pressure. Now Hill has shown* that the tendency 
of increased arterial distension in the brain is to produce cerebral 
anemia owing to the skull being a rigid box, so that although the 
arteries may increase in size it is at the expense of the capillaries 
and veins; but here comes in the automatic reaction of the vascular 
wall, which does not allow itself to be distended, but becomes more 
or less rigid and so permits the increased velocity of flow, due to 
increased driving force, to produce a more abundant supply of blood 
to the cerebral tissue. 


On reflex vascular dilatation through posterior root fibres. 
By W. M. BaY.iss. 


In a dog, anwsthetized and curarized, the abdominal sympathetic 
on both sides is extirpated from the 4th to the 7th lumbar ganglia 
inclusive; by this means all the vaso-constrictors to the hind-limbs 


are cut. One of these limbs is put into a plethysmograph and macs 


1 Bayliss and Hill, Journal of Physiology, xvu. p. 358. 
* The Cerebral Circulation, London, 1896, p. 135, 
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of its volume taken in the usual way. On excitation of the central 
end of the vagus a vascular dilatation takes place in the limb in case 
no rise of blood-pressure is produced. If a considerable fall of blood- 
pressure occurs, the limb at first passively contracts and a dilatation 
shows itself only after the return of the blood-pressure to normal ; 
this effect does not prove an excitation of vaso-dilators, as shown in 
the preceding communication, unless it can be shown to be abolished 
by section of the cord above the 4th lumbar nerve. I have, however, 
obtained an increase in volume of the limb by exciting the central 


end of the vagus after excising most of the abdominal viscera, in 


which case the fall of blood-pressure was very slight and the vascular 


: dilatation in the limb considerable. I have also found the effect 


abolished, in another animal, by section of the cord above the 4th 
lumbar nerve, a previous section above the 5th nerve had not abolished 
it, hence the disappearance was not due to shock. I may mention 
that I have found in two or three instances that excitation of the 
peripheral end of the 4th lumbar posterior root produced vascular 
dilatation in the hind-limb, and these were, no doubt, cases of anterior 
plexus. 

Another, and perhaps better, form of the experiment, is to produce 
the reflex vascular dilatation in the limb by exciting the central end 
of the anterior crural nerve on the same side, thus obtaining what 
we may call the Lovén reflex. In some experiments this dilatation 
may be obtained along with very little rise of general arterial blood- 
pressure, hence it is not passive; it also is abolished by section of the 
cord at the 1st or 2nd lumbar vertebra. 

Similar experiments have been performed on the rabbit, exciting 
the central end of the depressor instead of the vagus; here the 
dilatation of the limb usually showed itself without a previous con- 
traction and was on this account more convincing. 

Now I have shown that the hind-limb receives no vaso-dilators 


-except the ordinary posterior root fibres, and since in the above 


experiments no inhibition of tonic constriction was possible owing 
to extirpation of the abdominal sympathetics, it seems to be proved 
that antidromic impulses may be sent down posterior root fibres from 
the nerve-centres in normal reflexes. 

These reflexes on the hind-limb are not invariably to be obtained, 


but that is, I think, not to be wondered at, when one considers how 


dependent vascular reflexes, and especially vaso-dilator reflexes, are 
on the condition of the animal as regards anesthetic, curare, aeration 
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, of the blood, shock and so on. I have obtained positive results in 


13 out of 18 experiments, and in those cases where failure occurred 
as a rule some obvious cause was present, generally a very low 
blood-pressure; in some instances in which the posterior roots were 
tested: they were found to be completely inexcitable, perhaps on account 
of the low blood-pressure. 


The action of carbon dioxide on blood vessels. By W. M. 
BAYLISs. 


In view of the suggestion er by Gaskell and Langley that 
vascular dilatation in muscle, and perhaps elsewhere, might be due 
to products of metabolism formed by the activity of the tissue, I 
thought it worth while to test the action of carbon dioxide on the 
blood vessels of the frog by perfusion, especially as Gaskell, although 
he showed that lactic acid dilates the vessels of this animal, did not 
investigate the effect of carbon dioxide, another product of muscular 
metabolism. | 

My first experiments were performed on the whole pithed frog, 
but I could obtain no constant result. A fact I noted in these 
experiments has’ not, I think, been sufficiently recognized in frog 
perfusion experiments, viz. the tendency of the vessels to rhythmic 
contraction and dilatation. This is sometimes seen extremely well 
when one records the drops by allowing them to fall on to a cover-glass 
attached to the lever of a transmitting tambour, which is connected 
to a recording tambour tracing on a slowly moving drum (see Marey, 
Méthode graphique, p. 163). I have also seen rhythmic contractions 
in the vessels of the leg of the dog, when the water in the plethys- 


-mograph has been too warm. 


I found the best method was to use, as Gaskell did, the skinned 
posterior extremities of the frog, and perfuse from a cannula in the 
aorta just above its division into the two iliac arteries. The fluid 
used was Ringer’s fluid made with distilled water (freshly distilled 
and condensed in a glass worm), part of this was saturated with air, 
and part with carbon dioxide. An obvious increase in the rate of 
flow was observed; for example, in one experiment the rate before 
CO, was 25 drops in 100 seconds, during the passage of CO, saline 
38 in the same time, again falling to 22 on passing the normal fluid, 
then rising to 33 with COQ,, to fall finally to 22 with normal fluid. 
I found that the effect of lactic acid, 1 in 10,000, in this particular 
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case was about equal to that of carbon dioxide. The numbers given 
above were taken after sufficient time had’ been allowed for a steady 
flow to establish itself. 

A circumstance which makes observations of any length uncertain - 
in value, is the oedema which always occurs in perfusions of saline 
under constant pressure; in the above experiments I did not observe 
any difference between the effect of 0°6°/, saline, which is stated to 
be isotonic for the frog, and 0°75°/, saline in this respect. 

I have been unable to detect any notable effect of carbon dioxide 
on the blood vessels of the mammalian limb with nerves cut, that 
is to say in so far as its presence in asphyxial blood is concerned. 
If a rise of blood-pressure is prevented by the use of a mercury valve 
no dilatation is seen in the limb. If, however, the nerves are intact, 
a dilatation is sometimes seen in asphyxia, even when the mercury 
valve is used, and this occurs before the rise of venous pressure due 
to heart failure begins to show itself. I,am inclined, however, to 
attribute this to central asphyxial excitation of vaso-dilators, as asserted 
by Heidenhain and Ostroumoff. Lactic acid, also, is stated by 
Osborne and Vincent to have no effect on the blood-pressure in 
the mammal. 


The ammonium sulphate method of separating the proteids 
of horse serum. By W. PoPpPLEWwELL BLoxAm. 


Preliminary communication. 


Information was required by Dr T. G. Brodie as to the proportions 
existing between globulin and albumin in the serum of horses (a) under 
normal conditions, (6) during treatment with diphthzritic toxin. 

The ammonium sulphate method was employed to effect the desired 
separation of globulin frora albumin. 

The term “half saturation” as applied to ammonium sulphate 
requires some qualification, for it is a matter of importance whether a 
saturated aqueous solution or solid ammonium sulphate be employed. 

Again, it is necessary to ascertain the strength of reputed saturated 
solutions, either by determination of their specific gravities, or by a 
chemical titration of which details will be given. 

At the outset is met the difficulty of separating globulin from 
albumin brought down by the former on precipitation by salt. The 
necessity for this precaution seems to have been overlooked, although 
the characteristic power of proteids on precipitation to carry down 
substances previously in solution is universally recognised. 
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To meet this difficulty there are two courses of ‘procedure open. 

(a) Serum largely diluted with weak solution of ammonium 
sulphate of known strength is then raised to the point of half 
saturation by addition of saturated solution of ammonium sulphate. 
In this way at each precipitation only a comparatively small enclosure 
of albumin is possible; and, after resolution and reprecipitation being 
effected several times, the enclosed albumin must be negligible in 
quantity. 

Unfortunately, however, ammonium sigieas behaves very differ- 
ently with undiluted and diluted serum. Briefly, it may be stated 
that, for the same concentration of salt present, precipitation goes 
further in the case of diluted serum, and, that at a position just 
exceeding 3 of the amount of salt required for full saturation, all 


-_proteid is thrown out of solution. This knowl rendered necessary 


a revision of the conditions under which the globulin precipitation 1s 
complete in diluted serum, whilst the precipitation of albumin has not 
yet commenced. 

(6) Here precipitation of the undiluted serum, or, if only mode- 
rately diluted serum, is effected by addition of an — volume of 


saturated solution of ammonium sulphate. 


The first precipitated globulin, containing sotiniiod albumin, is 
redissolved in water and several times reprecipitated with solution of 
ammonium sulphate; the filtrates, in all cases, being collected and — 
determination made of the dissolved ‘albumin. 

It appears to have escaped attention, that to effectually purify 
by resolution and reprecipitation in this fashion, it was absolutely 
necessary to know what quantity of ammonium sulphate remained 
adherent to the moist precipitated impure globulin. 

This can be determined by subjecting an aliquot portion of the 
redissolved globulin to distillation, under diminished pressure, in 
contact with calcium hydroxide, the liberated ammonia being absorbed 
in excess of standard acid placed in the receiving flask. The process 
is, however, so tedious that another method was adopted. 

Fortunately, a determination of the density of the globulin 
ammonium sulphate solution reveals the percentage of ammonium 
sulphate present, the dissolved proteid not interfering. The same 
density is attained whether “#” grams of ammonium sulphate be 
dissolved in distilled water or in the proteid solution. 

In this way employing specific gravity floats of suitable values, the 
precipitation and reprecipitation of globulin can be effected at always 
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the same degree of saline concentration. In the paper itself are 
given the experimental conditions observed in a full analysis of 
serum involving determinations of (1) a proteids, (2) globulin, 
(3) albumin. | | 

Details of the results attained are also given, showing the relation 

existing — on in normal serum and in the serum of horses = 
treatment with “diphtharitic toxin. 
These results are at present put forward as the 
material, although in each case washed with boiling water, until the 
filtrate is free from dissolved ammonium sulphate, still contains 
adherent ammonium sulphate. 

At present no rapid and satisfactory method exists, for determining 
the nitrogen present as ammonium sulphate, without involving the 
nitrogen of the heat coagulated proteid. The author has made a 
considerable number of experiments on this subject and has hopes of 
introducing a satisfactory process. Experiments have also been made 
to determine: whether the material, known as “ globulin,” and obtained 
by half saturation with ammonium sulphate, and subsequent resolution 
and reprecipitation at the same salt concentration, becomes free from 
albumin and gives evidence of its existence as an “entity”? 

Quantitative determinations show that the so-called “globulin” 
constantly loses weight on resolution and reprecipitation. The results 
then tend to show that: 

(a) Either globulin can be changed into albumin by the ammonium 
sulphate treatment adopted. Or: 

(6) That the ammonium sulphate method is faulty and allows 
globulin to pass into the filtrates during reprecipitations; when the - 
results of analyses would return it as albumin. ee 

This is to be regarded as a preliminary communication, and the 
author is engaged in further enquiry into the apparent transformation 
of globulin into albumin. 


A pipette with an improved mechanical device for accu- 
rately aspirating and delivering small quantities of liquid. 
By D. N. Nasarro, M.D. 


The particular form and size of pipette shown in the accompanying 
illustration was chosen as being the most useful for obtaining the 
various dilutions of serum required when performing the ‘typhoid- 
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serum ’ reaction (Widal’s' reaction): For this purpose filling the pipette 
with a liquid containing’ virulent typhoid. bacilli by mouth suction is 
not advisable, so aspiration by means of an ordinary indiarubber nipple 
regulated by means of a serew-compressor was thought of. I suggested 
a form of compressor to Mr Hawksley, who told me_ that Prof. 
Wright already had such a compressor on some of his blood-testing 
apparatus. After repeated trials with Wright's compressor and others 
of a tentative type, the present form has been found to be the most 
useful practically and to act with great delicacy. It consists of an 
ordinary rubber nipple fixed on to the. pipette by means of a small 
perforated rubber cork. A screw-compressor fits over the nipple and 
grasps the rubber cork by means of a small metal collar which enables 
the pipette to be held vertically in a small clamp when in use. ‘The 


= 


air is forced out of the nipple by screwing down the compressor to any 
desired extent and then holding a small vessel, with the liquid to be 
drawn up, under the tip of the pipette. By slowly unscrewing the 
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compressor, the nipple by its elasticity opens out and sucks up accu- 
rately any desired quantity of the liquid. 

When smaller amounts than 250 cubic millimetres of a liquid or of 

two liquids are to be aspirated, one can first suck up 5, 10, 15... up to 
50 c.m., then let in a small air bubble by slightly unscrewing the 
compressor screw and again draw up any desired volume of the same 
or other liquid. By aspirating the whole into the bulbous part of 
the pipette, this part can act as a mixing chamber. 
_ When the pipette is not filled with the liquid or mixture of liquids, 
care must be taken, when mixing, to hold the instrument by the metal 
collar and not by the expanded portion of the glass, for the heat of the 
hand causes expansion of the retained air and some of the fluid may be 
forced out of the pipette. Although this particular form of pipette 
cannot deliver very small quantities of liquid when filled above the. 
50 cm. mark, the mechanical contrivance here described can be fitted 
to a small lc.c. pipette graduated in J, or z4,¢.c. and, when filled, will 
by means of the screw-compressor deliver accurately very small volumes 
of liquid. 

Although originally designed for doing the serum test in various 
dilutions, this contrivance may, I think, be useful in ordinary physio- 
logical work where accurate dilution is desired, especially in chemical. 
work, and possibly it may be found preferable to mouth aspiration for 
the ordinary blood pipettes. : 

After being used for the serum reaction, the pipette is washed out 
_ two or three times with water by digitally compressing the nipple and 
then releasing it. Subsequently it is left standing for an hour in a test 
tube with HgCi, (1 in 1000), some of which is also aspirated into the 
pipette and nipple, and finally some alcohol is aspirated into the 
pipette. After cleaning the pipette in this way, it is freed from all 
organisms, as I have tested by subsequently filling the pipette and 
nipple with nutrient broth and then incubating. In 24 to 48 hours 
there is no sign of any growth of typhoid bacilli. 

Mr Hawksley, who made the pipette for me and designed the 
particular form of screw-compressor, says that by keeping the rubber 
parts of the syringe immersed in water in a bottle and away from 
the actinic rays of light, the rubber would be preserved in tropical 
countries for a considerable time. 


The Pipette and Compressor, with a special spring clamp for fixing on to any 
retort stand, can be obtained from Mr T. Hawksley, 357, Oxford Street, London, W. 
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- On dilatation of the pupil from cerebral stimulation. By 
J. HERBERT PARSONS. 


‘Experiments have been performed principally upon cats, but also 
in a few instances upon monkeys and dogs. The animals were anesthe- 
tised with ether—sometimes with A.c.z. mixture. | 

The following are some of the most important results obtained : 

(1) Dilatation of the pupil, like other effects of cortical stimulation, 
is best obtained with slight anwsthesia. It often occurs without any 
movement of the eyes or body, but most markedly in those epileptic 
convulsions which often follow frequent or prolonged excitation. It 
is never seen with deep anesthesia, except as a late phenomenon due 
to the action of the anzsthetic. 

(2) It is only obtained from those parts of the brain which are 
concerned in eye movements—+z.e., from the frontal motor area for the 
eye muscles, and from the occipital ‘visual centre.’ The differentiation 
of these areas, both for eye movements and pupillary dilatation, is 
much more exact in. the monkey than in cats or dogs. In the latter 
animals, dilatation may occur from stimulation over considerable areas 
of the frontal and occipital regions, but is best and most constantly 
obtained from the sigmoid convolution around the crucial sulcus and 
from the mesial surface of the brain in the same region, and from the 
posterior part of the second parallel convolution. 

(3) When well marked the dilatation of the pupil is accompanied 
by all the usual effects of stimulating the cervical sympathetic. 

(4) The effect is sometimes more marked upon the opposite eye. 

(5) The effect is diminished, but by no means abolished by section 
of both sympathetic nerves in the neck. The other sympathetic effects 
are abolished. 

(6) The effect is not influenced by section of the V nerves intra- 
cranially after previous section of the cervical sympathetics. 

(7) The effect is abolished by section of the III nerves intra- 
cranially after previous section of the cervical sympathetics. 

(8) The effect is not abolished on either side by section of the 
corpus callosum. 


Action of nicotin upon nerve cells. By J. Hersrnr Parsons. 


The superior cervical ganglia of cats, which had been anwsthetised 
with ether, were removed immediately after death, and immersed for 
various periods from 1 to 3 hours in watery or isotonic-saline solutions - 
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of nicotin of 1°/,, 2°5°/, or 5°/, strength. Sections of the ganglia were 
compared with sections of the normal ganglia prepared and stained 
in identically the same manner, viz. fixation in saturated corrosive 
sublimate solution, imbedding in paraffin, and staining with toluidin - 
blue. 

After being immersed for 1 hour in 1°/, aqueous solution of 
nicotin—a period more than sufficient to ensure the full physiological 
effect of the drug—the cells are not to be distinguished from normal 
cells. This supports the conclusion arrived at by Langley, that the 
action of the drug is uot directly upon the cell, but upon the synapse 
of the pre-ganglionic fibre. 

After 3 hours’ action, a 1°/, solution shows signs of dissolving the 
Nissl granules. The granules disappear from the peripheral part of 
the cytoplasm, and only remain massed around the nucleus. The size 
of the cell is unaltered. 

A 25°, solution, acting for 1} hour, causes more marked solution 
of the granules, with diffuse staining of the cytoplasm. The nucleus 
also becomes blue, and the whole cell is shrunken. 

With a 5°), solution, acting for 2 hours, the cells become intensely 
shrunken, the eytoplasm forming a mere ring around the nucleus, 
which, with its nucleolus, is still round and distinct. The whole stains 
a deep diffuse blue. 3 


The action of single induction-shocks on motor nerve, with 
special reference to the ‘Gap’ (‘Liicke’). By F. S. Locke. | 


The following are the principal results obtained in an investigation 
conducted with the aid of Herr Z. Szymanowski in the summer of 
1899 in the Leipzig Physiological Institute. It originated in the 

~ desirability of explaining the difficulty caused by Tiegel’s observa- 
tion that the ‘Gap’ discovered by Fick in the series of contractions 

_ of a frog’s gastrocnemius when its nerve is stimulated by a series of 
. single induction-shocks increasing to a sufficient supramaximal strength 
a6 occurred both with ascending and descending directions of current. All 
._. other observers have agreed with Fick that the ‘Gap’ is only obtained 
with ascending shocks. Tiegel’s observation, so long as it remains 
unexplained, prevents the definite acceptance of Fick’s theory of the 
phenomenon, which essentially regards it as analogous to the failure 

* of excitation of motor nerve by strong ascending constant currents’. 


| For description of the phenomenon with 
physiologic, pp. 624—627, Jena, 1895, 
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The results obtained by us must be regarded rather as clearing ‘away 


some of the experimental discrepancies of previous workers than as 
a connected contribution to the theory of the subject. 

What follows refers, unless specially stated, to the stimulation of the 
frog’s sciatic with single make-shocks ascending in direction, and 
increasing in strength from the threshold of excitation, the secondary 
coil being moved a constant distance (1—2 cm.) nearer the primary 
between successive stimulations. 

(1) Tiegel’s result was due to the faulty mode of stimulation 
employed by him. He placed the uncut motor nerve in Ludwig's 
hard rubber electrodes, the result being that stimulating currents 
passed not only along the nerve between the electrodes, but also 
through the shunt formed by the animal’s body together with the 


portions of the nerve immediately above and below the electrodes. 


A descending current between the electrodes was therefore always 


associated with an ascending current immediately below them, which | 


was the cause of the ‘Gap’ observed by Tiegel with “ descending” 
stimulating currents. If the shunt be done away with by removing 
the electrodes from the body of the frog and cutting the nerve centrally 
to them, no ‘Gap’ appears with descending shocks. It reappears if 
the electrodes be so reinserted in the frog that the shunt is once more 
formed by the contact of the cut end of the nerve with the tissues. 

(2) When the stimulating electrodes are of platinum wire, and are 
placed in the neighbourhood of the cut énd of the fresh nerve, the 
‘Gap’ does not usually make its appearance. If thé nerve be 
sufficiently strongly supramaximally stimulated, a fresh series of 
stimulations of increasing strength gives a ‘Gap.’ Still stronger 
supramaximal stimulation is followed by the non-appearance of the 
‘Gap,’ the nerve having become too much less excitable, the threshold 
of excitation being considerably higher. It appears again however 
after a sufficiently long interval of rest. These effects of strong 
stimulation may be produced by currents of either direction, and 
are limited to the neighbourhood of the electrodes. 3 

If unpolarisable electrodes are used close to the cut end of the 
nerve, the ‘Gap’ appears from the first. If however a polarisation-cell 
of the nature of “ Wollaston’s Points” be introduced in series into the 


secondary circuit, the ‘Gap’ no longer appears or becomes much less — 


obvious, being more or less completely filled with contractions more or 
less irregular in height, and often of a latency distinct even to unassisted 
observation, 
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At a point of the nerve relatively free from nerve-currents (midway 
between the stump of the hip-branch and the bifurcation lower down) 
both platinum and unpolarisable electrodes give a typical ‘Gap’ from 
the first. With platinum electrodes, cross-section of the nerve close to 
the upper one is followed by the more or less complete absence of the 
‘Gap.’ 

_ (3) The ‘Gap’ makes its appearance with unpolarisable electrodes 
whatever the interval between them may be. 

(4) With ordinary break-shocks under usual conditions it is im- 
possible to obtain the ‘ Gap,’ or at any rate more than a faint indication 
of it, even with unpolarisable electrodes distant from a cross-section. If 
however the nerve be shunted by a resistance (non-inductive) con- 
siderably lower than its own, most perfect ‘Gaps’ can be obtained.. 
Under certain conditions of shunting there is even no return of con- 
tractions after their disappearance with the increasing strength of 
stimulation. The effect of diminution of the resistance of the secondary 


circuit is capable of simple physical explanation. 


Break-shocks can also be made able to give a ‘Gap’ mn the intro- 
duction of sufficient resistance (non-inductive) into the primary circuit. 

(5) With undiminished resistance of the secondary circuit, increase 
of temperature has a distinct effect in causing the appearance of the 
‘Gap’ when break-shocks. are used. This effect of increased tempera- 
ture is manifest when so high a resistance is introduced into the 
secondary circuit that variations in the resistance of the nerve are 
— 


CORRIGENDA. 


Jan. 26, 1901. 


p. xxiii, lines 81-2 For Dr W. 8. Woodworth read Dr R. 8, Woodworth 
» line 82 For working read monkey 
» line 89 For piameter read pia mater 
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| Pheories of colour vision. By F. W. EprincE-Green, M.D., 
F.R.CS. 

In this paper I will review a certain number of the well-known 
facts of colour vision in order to prove that a theory which presupposes 
3 definite substances or fibres in the retina corresponding to certain 
a colour sensations can not be true, and that we must an. seek for 
| . another explanation of the phenomena of colour. 
| The limitation of the number of colour sensations was thought to 
if be necessary because it seemed impossible that a single fibre of the 
optic nerve could convey impulses corresponding to all waves of light, 
but exactly the same was said with regard to the transmission of sound 
by a single wire, and the telephone shows how this can be accomplished 
through electricity. The theory was also said to agree with what has 
been called the law of the specific energy of nerves. This so-called law 
‘ was based on the following experiment. It was found that when a 
PE divided optic nerve was stimulated by heat, electricity, or any me- 
: “chanical or chemical stimulus, a sensation of light was caused, and the 
Pe inference was drawn that nerve-fibres could only convey one kind of 
E nervous impulse, the difference in result being due to the central 
connections of the nerve. Not only has the actual experiment itself 
been disputed—that is to say, observers have stimulated the cut section 
of the optic nerve without producing any sensation whatever,—but we 
might just as well say that a telephone wire was incapable of conveying — 
by electricity all waves of sound, because having cut off the transmitter, 
bo all stimuli applied to the proximal end were only able to give rise to, if 
= anything, a similar noise at the distal receiver. It seems to me far 

nh simpler to assume that each optic nerve-fibre is able to convey im- 
pulses corresponding to all kinds of light, these impulses differing in 
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quality just as the waves of light differ in wave-length. Then in the 
impulse itself we have the physiological basis of light, and in the quality 
of the impulse the physiological basis of colour. 

I have assumed that the quality of the impulse is perceived by a 
special perceptive centre within the power of perceiving differences 
possessed by that centre or portions of that centre. 

I. The facts of Colour Blindness. The facts of colour blindness 
are absolutely incompatible with the view that there are definite funda- 
mental colour sensation substances in the retina. Cases of colour 
blindness may be divided into two classes, which are quite separate and — 
distinct from each other, though both may be present in the same 
person. In the first class there is light as well as colour loss. In the 
second class the perception of light is the same as or better than the 
normal sighted, but there is a defect in the perception of colour. In 
the first ‘class certain rays are either not perceived at all or very 
imperfectly. Both these classes are represented by analogous conditions 
in the perception of sounds. The first class of the colour blind is 
represented by those who are unable to hear very high or very low 
notes. The second class of the colour blind is represented by those 
_ who possess, what is commonly called, a defective musical ear. Colour 
_ blind individuals belonging to this class can be arranged in a series. 
At one end of this series are the normal sighted, and at the other the 
_ totally colour blind. The colours appear ‘at the points of greatest 
difference, and I have classified the colour blind in accordance with the 
number of colours which they see in the spectrum’. “If the normal 
sighted be designated hexachromic, those who see five colours may be 
called pentachromic, those who see four tetrachromic, those who see 
three trichromic, those who see two dichromic, and the totally colour 
blind monochromic. There are many degrees included in the dichromic 
class; there may or may not be a neutral band, and this is widest in 
those cases approaching most nearly to total colour blindness. I have 
recorded a case of a patient who was colour blind with one eye. It is 
an interesting fact that the colour blind eye was much the best of the 
two, and he could recognise fine lines in the spectrum with this eye 
which were not visible to the other. He saw the two ends of the 
spectrum tinged with colour and the remainder gray. It will be 
- noticed that his colour sensations were: limited to the extreme red and 
the extreme violet, namely, those colours which present the greatest 
physical contrast to each other. Neither the red nor the violet appeared 


1 Colour Blindness and Colour Perception, International Scientific Series, 
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of the nature of a primary colour, but gave the impression that they 
were largely diluted with gray. A theory of colour vision must account’ 
for a case of this kind and also for the other varieties and degrees of — 
colour blindness. The trichromic are a very important class, and any 


theory must account for the fact that they see yellow as red-green, and 


blue as violet-green. As we should theoretically expect when there is 
shortening of the spectrum the centres of the colours are moved towards 
the unshortened side. It is obvious that the facts of colour blindness 
can not be explained by the absence of one or more sets of fibres or 
substances, This was my primary objection to the Young-Helmholtz 
theory, and Helmholtz conceded this point in the second edition of 
his book.” 

II. The evolution of the ‘ilooe sense. All the facts which can be 
obtained from the examination of museums or literature point to the 
view that the sense of light was developed first and then the sense 
of colour, those rays which differ most physically being the first to be 
differentiated. In the course of evolution all the varieties of psycho- 
physical colour blindness have been passed through. 

TIL The class of the heptachromic. Any theory of colour vision 
must explain why it is that those who possess a very acute colour 
perception see seven colours in the spectrum as, for example, Newton. 
In accordance with the theory which I have given this seventh colour 


_ appears at the seventh point of difference. 


IV. Contrast. (i) Simultaneous. These are easily explained on 
the view that colour being a point of difference this becomes more 
marked on comparison, the perceptive centre being in the most 
favourable position for the detection of any difference. If we contrast 
a yellow with a greenish-yellow, the yellow inclines to orange and the 
greenish-yellow to yellow-green. This could not be explained by 
assuming that the coloars differ by the addition of the complementary 
to each. | 

(ii) Successive. is one fact which is more than any 
other as evidence of definite substances in the retina representing 
fundamental sensations, that is, that after looking at blue-green the 
red of the spectrum appears a more saturated red than when seen 
under ordinary circumstances. But the same occurs with all physio- 
logical sensations. For instance, warm water feels warmer if we have 
had our hands previously in cold water, and if one hand be put in cold 
water and the other in hot and then both be plunged into lukewarm 
water, the water feels hot to the one hand and cold to the other. A 
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sweet substance tastes much sweeter if we have previously tasted a sour _ 
liquid. A high note is positively disagreeable in its shrillness if the — 
previous part of the tune has been played in the bass. These facts are 
only evidence of the fatigue which takes place in all parts of the nervous 
system and which gives rise to a false standard of comparison. That 
this is the explanation is proved by Burch’s experiments on Artificial 
Colour Blindness, He says’, “ The temporary abolition of any one colour 
sensation is without effect on the intensity of the remaining colour 
sensations, neither increasing nor diminishing them unless they also 
have been to some extent implicated in the light used for stage 
‘colour blindness.” 

V. After-images. A positive rose-coloured after-image can be 
obtained after white light or any spectral colour. The ordinary expla- 
nation of this, namely, that the hypothetical red and violet fibres are 
called into action sooner than those for green, can not be true because 
it is exceedingly difficult to obtain this after-image after spectral red 
and very easy to see it after green. It would be against the whole 
principle of the theory that the red fibres should be excited most 
efficiently by green. But if we assume that the visual substance is 
the visual purple, then we have an easy explanation of the facts. _, 

VI. Pathological facts. Many cases have been reported in which 
the perception of colour has been abolished whilst the perception of 
form and light has not been altered. All objects have appeared of 
different shades of gray as in a photograph. In each case disease of 
the brain has been found. A similar condition can be produced by 
hypnotism. | 

VII. Colour fields: Abney has examined this subject very 
carefully and comes to the same conclusion as I had from the 
consideration of other facts. He says*: “These results as they 
stand do not seem to confirm either one of the two main theories 
of colour vision. The existence of a colour field at. all is difficult. to 
explain on the Young theory, the fact that a colour field for red can 
be obtained with bright, illumination although the disappearance of 
this colour and light takes place almost together at the’centre of the 
retina is not easily accounted for on Hering’s theory. It appears as if 
light were the fundamental sensation caused by the main vibration 
generally, whilst colour is as it were an overtone to which the receiving 
nerves are less susceptible than to light the further away they are — 
situated from the centre, and may be due to the form of the vibration.” 


1 Phil. Trans. 1899, p. 5. | 2 Phil. Trans. 1897, A. p. 195. 
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VIII. Lwminosity curves. The fact that certain variations occur 


_ with colour blind persons will not account for. the colour blindness, as 


the same variations may be found with the normal sighted and there 
are many colour blind persons who have exactly the same perception of 
shade as the normal sighted. It is easy to suppose that a colour may be 
more absorbed by the media of the eye in the case of one person than 
another, but that the resultant impulse had the same character in both 
though the luminosity curves differed in each case. 


Prof. Boruttau’s observations on “strychnine tetanus.” 
By J. BuRDON-SANDERSON. 


Prof. Boruttau has very recently’ published a paper in which he has 
recorded important observations relating to the electrical phenomena of 
direct and reflex excitation of motor-nerves. As regards the electrical 
response to a single instantaneous stimulation they are chiefly of value 
as confirming observations already published in England, but those 
which have reference to the electrical phenomena of tetanus in nerve, 
and of the reflex excitation of strychnised preparations, are new. 
Assuming his experimental data to be correct, I desire to challenge 
the author's conclusions as to the nature of the strychnine spasm. 

By strychnine spasm I mean the thrilling contraction of which 
the myogram resembles that of incomplete tetanus. The thrill is 
accompanied by electrical changes of which the characters in muscle 
were illustrated by the copies of photographic curves published two 
years ago in the Croonian Lecture. The photographic record displays 
a series of oscillations (‘ waves’), in each of which the initial (ascending) 
part is beset by small undulations (‘wavelets’) which are absent in 
the rest. The initial part of each wave (during which the proximal 
electrode is negative to the distal) corresponds to a period of excitation; 
the rest to a period of relaxation accompanied electrically by return 
to the status quo. Each wavelet corresponds in duration to a single 
instantaneous excitation. Each period of excitation comprises 3 to 5 
wavelets, 

The meaning of this is that the motor-cells discharge themselves 
rhythmically, their periods of activity alternating with somewhat longer 
periods of rest. The muscular effect of each period of discharge is a 
tetanus which although of short duration lasts much longer than the 

“monophasic variation.” Thus the waves, 1. the 


* Ffiiiger’s Archiv, ixxxtv. March 18, 1901. 
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which they indicate, have their origin in the motor-cell. But the 
wavelets appear to belong exclusively to the muscular element. The 
reason for this conclusion is that when a curarized muscle is directly 
excited by alternating induction currents of great frequency, the photo- 
graphic curve exhibits wavelets resembling those of the —, 
spasm. 

Boruttau’s photographic records show that in the spasm of 


strychnine the same waves which characterize the muscular effect — 


also manifest themselves in nerve. But he fails to assign to them 
their true meaning. He recognizes that in form no less than in 
duration they differ from the monophasic variation but accounts for 
this difference by a hypothesis which I am unable to accept. 

The simple explanation of the strychnine spasm is first that the 
rhythmical discharges of the excited spinal centre, though brief, are 
not instantaneous, and secondly that the muscle it innervates has a 
rhythm of its own, each period of which corresponds to the period of 
culmination of a monophasic variation. 

The spasm of strychnine is therefore not a tetanus but a succession 
of tetanic contractions which alternate with intervals of rest and (in the 


, frog) recur from 5 to 10 times in a second. 


On the presence of proteolytic enzymes in the organs and 
tissues of the body. By S. G. Hepin and 8. RowLanp. 


The material in which the research for enzymes was undertaken 
was practically an expressed intracellular juice. It was prepared by 
disintegrating the cellular elements of the organ in a special machine 


_ devised for the purpose, and then separating the solid from the liquid 


portions of the resulting mass in a filter press. The search for enzymes 
was carried out by comparing the amount of nitrogen not precipitable 
by tannic acid before and after digestion for various periods at blood 


- heat in the presence of toluol. The existence of proteolytic enzymes 


was inferred if there was an increase of the nitrogen not precipitable, 
provided this amount did not alter in the boiled fluid. In this way 
was found in the spleen an enzyme acting more strongly in acid 
solutions (0°25°/, acetic acid or 0'1°/, hydrochloric acid) and more 
feebly in neutral or alkaline solutions, or in the unaltered juice which 
is always acid. In the following table the figures give the amounts of 
decinormal acid that correspond to 5 cubic centimetres of the fluid and 
represent the progress of the digestion in terms of non-precipitable 
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nitrogen as described above. The figures refer to the j jee obtained 
from the spleen of an ox. 


Ox spleen. Total N = 35:1. 
After 


Before A 

| digestion 16 hours 22hours 40 hours 

With acetic acid (0-25 °/,) 7-2 67 STB 30-0 

With hydrochloric acid (0:1°/,) — 250 27°8 30°2 

Without any addition 17-4 17°6 19°38 
With Na,CO, (0-2 94 10-8 


Boiled specimen before digestion = 7°4. 
Boiled specimen after digestion for 16 hours = 7-6. 


If fibrin. be added together with 0°25°), acetic acid to the spleen 


juice, the fibrin is dissolved in about twelve hours. This enzyme has 


been found in all animals investigated, viz., in the horse, ox, sheep, 
pig and dog. The spleen enzyme acts more strongly in acid solutions; 
the same is the case with an enzyme found in the intracellular juice of 
lymphatic glands, kidney and liver. [A proteolytic enzyme has been 
found by Salkowsky in the liver and especially studied by Jacoby.] 
The enzymes of these organs seem to be as strong as the spleen enzyme. 
Weaker enzymes principally acting in acid solutions seem to be present 
in the heart and mammary glands. The enzyme of the skeletal muscles 
found by Salkowsky is rather weak and we have not: been able to find 
any difference between its action in acid and alkaline solutions, 


- Rigor mortis and the formation of d. lactic acid. By 
W. A. OSBORNE. 


(Prelummary Communication.) 
The results which have been obtained so far in this research may be 


briefly epitomised as follows : 


1. An improved method for estimating lactic acid quantitatively. 
Instead of preparing the zinc salt and attempting to dry it to constant 
weight, a task which is well-nigh impossible, the barium salt has been 
obtained in solution. This has then been transferred to a crucible, 
excess of sulphuric acid added and the open crucible placed in a 
reverberating furnace of simple design. From the quantity of barium 
sulphate obtained the amount of lactic acid may be easily calculated. 
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: 2. The post mortem formation of lactic acid in mammalian muscle 
Er is not confined to the period of rigor but starts immediately on cessation 
of the circulation. 

P| 3. If normal saline solution be led through the hind limbs of a 
rabbit for some time, and the animal killed, rigor mortis in these limbs 
is retarded and the amount of lactic acid developed considerably 
diminished. In one case rigor did not come on at all and the muscles 
involved showed no appreciable increment in lactic acid as compared 
with the fore limb muscles. 

4. If the circulation through a limb be stopped alt the muscles 
stimulated indirectly and directly until complete exhaustion ensues, 
the amount of lactic acid developed is approximately equal to that 
found in the muscles of the corresponding limb during ‘igor. 

5. If sarco-lactic acid (about 0°45 °/,) in normal saline be led 
through the hind limbs of an anaesthetised rabbit, the muscles undergo 
| spasmodic contractions and pass into a state indistinguishable from 
| rigor. I was not aware when I made this experiment that Schipiloff' 
had obtained the same result with a 0°1°/, sarco-lactic solution. This 
observer's other conclusion, that the spasms may be arrested and the 
muscle regain its vitality by substituting an alkaline salt solution for 
| an acid at an early stage of the experiment, I have since confirmed. 

This spasmodic condition passing rapidly into rigor may be induced, 
I find, by other acids than sarco-lactic. | 


1 Quoted in Schiifer’s Text-book, 1. p. 393. 
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